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PREFACE. 



This revised edition has been enlarged by the addition of 
the chapters on Tinting, Shadows, Sliading, Isometrical Draw- 
ing, Obliqae Projection, and Perspective. The chapters on 
Drawing Instruments and their Uses have been rewritten and 
mnch new matter added ; while some changes and additions 
have been made in the chapters on Projections and Topo- 
graphy. ^ ^ 

It is hoped that by these changes the book will prove more 
asefnl in the class-room, or as a guide for self-instruction. 

The cuts of Drawing Instruments used in this work, 
marked K. & E. in the table of contents, have been kindly 
furnished by Keuffel.*:Es8er, Nd. -lilFiiltpn St., New York. 
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1. Good instruments are neceeeary for good w^ork, and the 
beginner who desires to excel sLoald proeiire the best. These 

can bo purcliased by the ease, oi- by the piece. The latter 
being tlie best way, as there are sometimes pieces in the case 
which are seldom, if ever, nsed. After selecting the pieces a 
case can be made for them, or, if one does not wish to incur 
that expense, roll them np in a piece of chamois skin, arrang- 
ing BO that thcj do nut touch each other. By folding over 
one edge of the skin, and stitching together, little pockets may 
be formed for each piece. 

Tlie following instruments will be necessary ; a compass 
with pen, pencil and needle points, and lengthening bar ; hair- 
spring dividers ; bow compass with pen and pencil points ; and 
one or two drawing pens. These with a drawing board, T 
square, triangles, etc., will make a sufficient outfit. 

2. Compaaaes. These instruments are so well known as 
hardly to require description here. They consist of two legs, 
which are connected by a joint or hinge. The extremities of 
the legs are finished with fine steel points, the upper portions 
are of brass, German silver, or some other metal that does nut 
readily rust. The joint is generally made partly of steel, as 
the wear will be more equal. The joint should be accurate 
and firm, but admit of easy play without any sudden jerks in 
opening and closing the legs. Tf by use the joint becomes 
loose, it can be tightened with the small screw-driver which 
^companies the instruments. The points should come accu- 
rately together when the legs are closed. 

3. VompasB with movable j)arts. Fig. 1. represents a good 
form of this instrument, with ita furniture, the pen, prm-'l 
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and needle pointe, and lengthening bar. This form of needle 
point is much the heat ; the shoulder of the needle should bo 
large enough to prevent making a hole in tho paper when 
nsed. This style of pencil point is also very convenient, being 
made for the use of leads. The lengthening bar is used in 
deBcribing larger circles tliaii the compasses would otherwise 
admit of. With aomc of these instruments there is a dotting 
pen, bnt this ia not recomineiided as it cannot be depended 
npoii. In selecting, see that the parts all fit well together. 




4. Hair-spring dividers. These are so constructEd, th»t 
by means of a spring and screw, the distance hstween the 
pointB may be changed without any motion at the joint. By 
taming the screw, Kig, 2, the point may lie moved a very fine 
dletance, tlius making it very convenient for taking measure 
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/nents from scales, or diyiding distances into equal parts, 
riie spring should be pretty stiff. 

5. Bow compasses. These are for drawing small cii'clea 
both in pencil and ink. There are some forms made, whei'e 
the pen and pencil points can be exchanged as in the larger 






Fig. 3. 



compasses. It is more convenient, however, to have t j 
separate instruments, one for the pen, and the other foi cne 
pencil, as shown in Fig. 3. See that the springs are strCiig. 

There are other forms of compasses, which are conve.iient 
at times, but not necessary to buy at first. Among thet>e are 
the proportional and beam compasses. 

6. Proportional comjpasses. These are useful for en .urging 
or reducing drawings. The simplest foim, shown ib jfig. 4, 
is called halves and wholes; where the shorter legs .a-e half 
the length of the otiiers, so that the distance bet>/een the 
points of the shorter legs will be one half of that bel nqqt\ the 
points at the other end. 

Fig. 5 shows another form of these compasses, similar in 
principle to the last, but constructed so that the position of 
the joint can be changed, thus giving different proportions 
between the extremities at either end. To ad j iist 1 he instru- 
ment, close it, and after unscrewing the nut, move the sb'de 
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KloDg uittU the mark ncrose it coincidea with the reqaiieil 
tioniber, then clamp the nut. 

Four suales are sometimes engraved upon these compaeeee, 
called lines, circles, planes, and 
solids. The last two are omitted 
upon many of the instruments, as 
they are of little use. 

If the mark is brought to ^ in 
the scale of lines, the distance ah 
will be one-third of cd. If the 
mark is brought to 8 in the scale of 
circles, ah will be the chord of the 
eighth part of the circumference 
of a circle whose radius ie eoL. 
Place the mark at 4 in tlic scale of 
planes, and ah will be the side of 
a square, or radius of a 'lircle" 
whose area is one-fourth that of 
the square or circle formed with 
(v/. In tlie scale of solids, with 
the mark at 4, oSwill be the dia- 
meter of a sphere or edge of a 
cube whose solidity is one-fourth 
that of a sphere or cube whose dia- 
meter or edge is cd. 

The graduation of these instru- 
ments cannot always be relied 
ii}Hm, and the accuracy of the pro. 
portions is also affected by any 
cliange in the length of the legs, 
'''"■ "■ occasioned by use or breaking. 
It would be well to test their accuracy before purchasing. 

7. Seam compasaea. These are for describing larger arcs 
than would be possible with the other compasses. There are 
different forms of these. In all of them there is a beam of 
wood, or metal, with two collai-s, one carrying a pen or pencil 
point, and the other a needle point. Fig. 6 shows a conve- 
nient form of this instrument. In this the tops of the collan 
»re left open so that they can be used on any straight edge. 
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being clwDped to it by means of screws. The needle point il 

clamped at one end, while tlie uthcr collar can be clamped at 

any diBtance from it. By turning the screw a the point i can 

^^^ be moved slightly, thns enabling one to adjust nicely the 

^^^Kdifitance bt^ween b and c. In sonie forms there is a scnle 
^^B upon tho beam, but Ihis is not necessary and maizes it more 
expensive. 

8. Drawmff pen. Fig. 7- This is made of two flat pointed 
steel blades, one of which has a hinge-joint at its base, thus 
allowing tlie blades to be sufliciently separated for cleaning 




ssem 



in&- 



or sharpening. The distance between the jwints is regulated 
by means of a screw connecting the two blades. This distance 
determines the width of tlie liuee. Do not select one in which 
the blades are mneh oni-vefi. 

9, Drawing board. This is an indispensable part of the 
dranghtsman's ontfit. It shonld be made of a thoroughly 
seasoned light wood ; pine ia generally nsed. A board 
twenty-eight inches long, twenty inches wide, and about one 
inch thick is a convenient size. Each end should be finished 
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with a cleat, as shown in Fig. 8, to prevent warping. Each 
side should be rubbed to a smooth plane surface, with fine 
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sand-paper. The edges should be straight and at right angles 
to each other. 

10. T square. This consists of a long thin blade, with a 
head at right angles to it ; fig. 9 is a good pattern, where the 
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Fig. 10. 



blade is simply laid upon the head and screwed to it. Any 
fine-drained hard wood will do for material, pear- wood i& very 
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good. Sometimes metal is used, and for accuracy it would 
be the best ; but as it rusts and tarnishes easily, the paper is 
liable to be soiled. The blade should be about the same 
length as the board. For a blade thirty inches in length, in 
order to be sufficiently stiff, the width should be at least two 
and a half inches, and the thickness one-eighth of an inch. 
The head is generally made of one piece, although sometimes 
of two, one on either side of the blade, as shown in fig. 10. 
One of these pieces is fixed while the other can be clamped 
at any angle with the blade; so that, if the square is turned 
over and used with this side of the head aorainst the ed^je of 
the board, parallel lines may be drawn making a correspond- 
ing angle with the sides of the board. This is not used very 
much, as it cannot be clamped sufficiently tight to prevent 
displacement by a slight rap, or any great pressure upon the 
blade. 

11. Triangles, These are made of different materials, as 
wood, metal, rubber, etc., the last being the best ; metal tri- 
angles are open to the same objection that metal squares are. 
Triangles are made solid or open, as shown in fig. 11, the 
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open ones being the most convenient to handle. The 
draughtsman requires two of these, one having angles of 90°, 
45°, 45°, while the other has angles of 90°, 60°, 30°. A con- 
venient size is from six to ten inches on side. 

12. Irregular curves. These are for tracing curves, other 
than arcs of circles, which are determined by points. Those 
made of thin pear- wood will be found to answer well. They 
have a great variety of shapes, so that one is at a loss which 
to select. Choose one with curves of both small and large 
radius. 
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18. India ink. It is important to have this material of thi 
best quality, aa it is used exclusivelj for all black liuea. 
Good India ink, when broken across, should have a shining 
and somewhat golden lustre. If an end of it is wetted and 
rubbed on the thumb-nail, it should have a pasty feel, free 
from grains, and exhale an odor of musk ; when dried the 
end should present a shiny and golden-hued surface. Ink of 
inferior quality is of a dull bluish color, and when wetted 
and rubbed on the nail feels granular ; also when rubbed up 
in water it settles ; whereas good ink remains thoroughly dif- 
fused through the water. 

14. Colors. Windsor and Newton's water colors are con« 
sidered the best. There are two sizes of cakes, called the 
whole and half cakes. The moist colors which come in porce- 
lain dishes are equally good, and are preferred by some, as 
the cakes are liable to crack and crumble. 

15. Ink saucers. These come in nests of four or six, and 
are very convenient for preserving the colors after they are 
prepared. One forms a cover for another and thus keeps 
out the dust, besides keeping the colors moist for some time. 

16. Pencils. These should be of the hardest and best 
quality. A. W. Faber's hexagonal pencils are the best. HU 
and HHH zxQ good numbers for mechanical drawing. 

17. Brushes. The best brushes are made of sable hair, of 
which there are two varieties, the red and black. The red is 
somewhat the cheapest, but is about as good as the black. 
Camel's-hair brushes will answer very well, if one does not 
want to afford the sable. In selecting brushes see that they 
come to a point when moistened with water ; they should 
keep this point when used. 

18. India ruhber. Fine vulcanized rubber is the best for 
removing pencil marks. Sponge rubber is good for cleaning 
drawings. 

19. Thumb tacks. These are for fastening the paper to 
the drawing board, when it is not necessary to stretch it 
The best have the steel point riveted into the head. The 
top of the head should be slightly rounded, the edges being 
thin, so as to allow the T square to pass over readily. 

20. Horn centre. This is used in case many circles are to 
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be drawn from the same centre. The needle point rests upon 
this instead of the paper, to prevent the wearing of a large 
hole. It is made of a piece of transparent horn, with three 
little steel points to prevent slipping. 

21. Drawing paper. — Watraau's drawing paper is consid- 
ered the best. It comes in sheets of standard sizes, as follows : 



Cap.* 13 in. by 17 

Demy. 15 *♦ ** 20 

Medium .....17" ** 22 

Royal 19 ** ** 24 

SuperRoyal 19** ** 27 

Imperial 22 ** ** 30 



Elephant 23 in. by 28 

Columbier 23 ** ♦•34 

Atlas, 26 ♦♦ ** 34 

Double Elephant 27 ** •* 40 

Antiquarian. 81 *« ** 58 

Emperor 48 *• •* 68 



There are two kinds of this paper, the rough- or cold-pressed, 
and tiie smooth- or hot-pressed ; the smooth paper is better 
for finished line drawings, while the rough surface takes color 
better ; does not show erasures, and is better for general work. 
On holding the paper up to the light the maker's name is seen 
in water lines, and when it can be read, the nearest surface is 
considered the right side. If there is any difference between 
the two, it is supposed to be in favor of tkis side. The double 
elephant sheet is of a good weight and size for general work. 
1' or smaller sizes cut it in halves or quarters. 

22. Tracing j>aj)er. This is a thin paper prepared so as to 
be suflSciently transparent to allow the lines of a drawing to 
show through, for the pui-pose of copying. It comes in sheets 
or by the roll. The best paper is tough, transparent, and 
without any greasiness. 

23. Tracing cloth. This is for the same purpose as tracing 
jmper. It is better than paper for pi-eserving copies, or for 
those that are to be subjected to any wear, as in the case of 
Avorking drawings. It comes in rolls of twenty -four yards, 
and of different widths. That which has a dull surface on 
one side is better for pencil marks or for tinting. 



SCALES. 



24. As it would be impossible in most oases to make a 
drawing the same size as the object, it is recessary to resort 
to the use of scales in order to preserve the relative position? 
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of the lines, and also to be able tf determme what pnnxxrtiati 
the drawing bears to the object. These scales courist of dis- 
tances of different lengtlia, divided with great accmracy. 
Various materials are used in their construction sach as 
ivory, wood, ruetal, paper, etc. Ivory is the best, but quite 
expensive, while those made of boxwood are good^ and ara 
generally used. Metal is expensive and tarnishes easily 
while paper soon wears out. 

It is well in making a drawing to use as large a scale ad 
convenient, so that the small parts of the object may be 
l)n)Uirlit out distinctly and ticeuratelv. 

The scale of a drawing should always be given upon it and 
ill the case of a working drawing, the measurements also. 
I>v giving the measurements the time of the workman is saved 
siiujc lie follows the dimensions rather than the drawing in 
case they differ. 

The dimensions are given in figures, using one accent to in- 
dicate feet and two accents for inches, as 2', read two feet and 
3", three inches. Where feet and inches are to be written the 
figures are separated by a comma simply, as iy\ 4r". Where 
only inches are to be written, use a cipher iu pUu-e of feet as 
(»', 6". This is not always necessary, but ujH)n drawini>« where 
many of the dimensions are given in feet and fractions of a foot, 
it is well to use the cipher, as it may save mistakes in reading. 

To indicate the points between which the measurement 
reads, small arrow heads are used at the i)oints; as seen upon 
n. XVL Fig. 144. When the arrow heads are some distance 
apart, they are connected by a tine dotted line. This line may 
be broken at the centre to allow the measurements to be in- 
serted, or the line may be continuous, and the figures be placed 
just above it or on it. To make the measurements more 
noticeable, red ink is generally used for the figures and arrow 
heads, and blue ink for the dotted lines. All the horizontal 
measurements should be written from left to right, the verti- 
cal being written from the bottom to the top. 

25. A scale of equal parts. (PI. I. Fig. 7.) This is a small 
£at instrument of ivory. On both sides of this instrument 
we shall find a number of lines drawn lengthwise, and 
divided crosswise by short lines, against which numbers arc 
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written. It is uot our object, in this place, to give a full 
description of this scale, but simply of that portion which ih 
termed the scale of equal parts. A scale of equal parts con- 
sists of a number of inches, or of any fractional part of an 
inch, set off along a line ; the first inch, or fractional part to 
the left, being subdivided into ten or twelve equal portions. 
When the divisions of the line are inches, the scale is some- 
times termed an inch scale; if the divisions are each three 
quarters of an inch, it is termed a three quarter inch scale ; and 
so on, for any other fractional part of an inch. The<e different 
scales are usually placed on the same side of the ivory scale ; 
the inch scale being at the bottom, the three quarter inch 
scale next above ; next the half inch scale, and so on. The 
inch scale is usually marked in. on the left ; the three quarter 
inch scale with the fraction I ; the others, in like manner, 
with the fractions 4, i, and so on. The first division of each 
of these scales is usually subdivided, along the bottom line 
of the scale, into ten equal parts, by short lines; and just 
above these short, lines will be found others, somewhat 
shorter, which divide the same division into twelve equal 
parts. It is not usual to place any number against the first 
division ; against the short line which marks the second 
division, the number 1 is written ; at the third division 
the number 2 ; and so on to the right. 

26. Manner of using the scale. Geometrical drawings of ob- 
jects are usually made on a smaller scale than the real size of the 
object. In making the geometrical drawing of a house, for 
example, the drawing would have to be very much smaller 
than the house, in order that a sheet of paper of moderate 
dimensions may contain it. We must then, in this case, a& 
in all others, select a suitable scale for the object to be 
represented. Let us suppose that the scale chosen for the 
example in question is the inch scale ; and that each inch on 
the drawing shall correspond to ten feet on the house. As a 
foot contains twelve inches, it is plain, that an inch on the 
drawing will correspond to 120 inches on the house ; thus 
any line on the drawing will be the one hundred and 
twentieth part of the corresponding line on the house ; and 
were we to make a model of the house, on the same scale i\» 
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the drawing, the height or the breadth of the model would 
be exactly the one hundred and twentieth part of the height 
or the breadth of the house. By bearing these remarks in 
mind, the manner of using this, or any other scale, will 
appear clearer. Suppose, for example, we wish to take off 
from the scale, by a pair of dividers, the distance of twenty- 
three feet ; we observe, in the first place, that as each inch 
corresponds to ten feet, two inches will correspond to twenty 
feet ; and as each tenth of an inch corresponds to one foot 
three tenths will correspond to three feet. We then place 
one point of the dividers at the division marked 2, and 
extend tlie other point to the left through the two divisioni 
of an inch each, and thence along the third division so aa 
to take in three tenths. From the scale, here described, we 
cannot take off any fractional part of a foot, with accuracy. 
If we had wished to have taken off twenty -three feet and a 
half^ for example, we might luive extended the point of the 
dividers to the middle between the division of three tenths 
and four tenths ; but, as this middle point is not marked on 
the scale, the accuracy of the operation will depend upon the 
skill with which we can judge of distances by the eye. To 
avoid any error, from want of skill, we must resort to one of 
the scales of the fractional parts of an inch. Taking the 
half inch scale, for example, its principal divisions being 
halves of an inch, will, therefore, correspond to five feet; the 
first of its principal divisions being subdivided, like the one 
on the inch scale, one tenth of it will correspond to half a 
foot, or six inches. So that from this scale we can take off 
any number of feet and half feet. The quarter inch scale 
being the half of the half inch scale, its small subdivisions 
will correspond to a quarter of a foot, or to three inches. The 
small subdivisions on the eighth of an inch scale, in like 
manner, correspond to one inch and a half We thus observe 
that, by suitably using one of the above scales, we can take 
off any of the fractional parts of a foot on the inch scale, cor- 
responding to a half, a quarter, or an eighth. 

Let us now suppose, as a second example in the use of the 
Inch scale, that we had to make a drawing c»f a house on a 
scale of one inch to twelve feet. We observe, in the first 
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place, as twelve feet contain 144 inches, and as one inch, on 
the drawing, corresponds to 144 inqhes on the house in ii? 
true size, every line on the drawing will be the one hundred 
and forty-fourth part of the corresponding lines on the house. 
In this case, instead of using the division of the inch sub- 
divided into tenths, we use the divisions of twelfths, which 
are just above the tenths; each twelfth corresponding to one 
foot. We next observe^ in using the twelfths, what we found 
in using the tenths ; that is, we cannot obtain, from the inch 
scale, any part corresponding to a fractional part of a foot ; 
but, taking the half inch scale, we find the first half inch 
subdivided in the same way as the inch scale into twelfths ; 
and, therefore, each twelfth on the half inch scale will corres- 
pond to half a foot, or six inches. In like manner the 
twelfths on the quarter inch scale will correspond to three 
inches ; and the twelfths on the eighth of an inch scale to one 
inch and a half 

27. Diagonal scale of eq'tial j>art8. (PI. I. Fig. 8.) In the 
two examples of the use of an ordinary scale of equal parts, we 
found, that the smallest fractional part of a foot, that any of 
the scales examined would give, was one inch and a half. 
But, as all measurements of objects not larger than a house 
are commonly taken either in feet and inches, or in feet and 
the decimal divisions of a foot, it is very desirable to have a 
scale from which we can obtain either the tenths of a foot, if 
the decimal numeration is used ; or the inches, or twelfths, 
when the duodecimal numeration is used. To effect these 
purposes, a scale, called a diagonal scale of equal parts, has 
been imagined; and this scale is frequently found on the 
small ivory scale, on which the other scales of equal parts are 
tnarked. A diagonal scale of equal parts may be either an 
inch scale, or a scale of any fractional part of an inch. The 
first inch, or division, is divided into ten, or twelve equal 
parts ; the other inches to the right are numbered like th^ 
ordinary scales. Below the top line, on which the inches are 
marked off, we find either ten, or twelve lines, drawn parallel 
to the top line, and at equal distances from each other. We 
next observe perpendicular lines, drawn from the top line, 
acroRB the parallel lines, to the bottom line, at the points on 
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the top line wliicli mark tbe divisions of inches. But, froiE 
tlic subdivisions on the top line, we find oblique lines drawL 
t<^ the bottom line ; these oblique lines being also parallel ic 
each other, luid at e([ual distances apart. The direction of 
these (•bli(jue lines, nrrned diagonal lines, and from which 
tiic scale takes its name, is now to be carefullv noticed, in 
or Ici to obtain a right understanding of the use of the scale. 
Hy examining, in the first place, the bottom line of the scale, 
we observe that it is divided, in all respects, {)recisely like 
the top line. In the iiex>t j)laee, we observe, that the first 
diagonal line to the left, 10, is drawn from the end of the top* 
line, to the point t??, which marks the first subdivision to the 
left on the bottom line. The other diagonal lines, we observe, 
are drawn parallel to the tirst one, on the left, and from the 
points of the subdivisions on the top line ; the last diagonal 
line, on the right, being drawn from the last subdivision on 
the top line, to the end of the first division of the bottom 
line. On examining the perpendicular lines, we find, that 
they divide all the parallel lines, from top to bottom, into 
ecjual parts of an inch each. We find, also, that all the sub- 
divisions, on the same parallel lines, made by the diagonal 
lines, are equal between the diagonal lines, each being equal 
to the top subdivisions. But when we examine the small 
divisions, on the parallel lines, contained between the first 
perpendicular line, 10 — n, on the lelt, and the diagonal line 
next to it, we find these small divisions increase in length 
from the to}) to the bottom. In like manner we find thai 
the small divisions, on the ])arallel lines, between the dia- 
gonal line, 1 — r, on the right, and the perpendicular, — r, 
next to it, decrease in length from the top to bottom. Now, it 
is by means of these decreasing subdivisions that we get the 
tenths, or twelfths of one of the top subdivisions, according 
tts we find ten or twelve parallel lines below the top line. 

Let us suppose, for example, that we have ten parallel 
lines below the top line; then the small subdivision, on the 
first parallel line, below the top line, contained between the 
diagonal line, 1 — r, on the right, and the perpendicular, 
0—- r, would be nine tenths of the top subdivision ; that is 
nine tenths of a foot, if the to]|> subdivision corresponds tu 
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jno foot. The next small division below tins would be eight 
tenths; the next below seven tenths; and so on down 
Now, if we take the small subdivisions, between the per- 
pendicular line, on the left, and the first diagonal line, 
10^— m, the one below the top line will be one tenth of the 
top subdivision ; the next below this two tenths ; and so on, 
increasing by one tenth, as we proceed towards the bottom. 

Let us suppose, for an example in the use of this scale, that 
the drawing is made to a scale of one inch to ten feet ; and 
that we wish to take off from the scale sixteen feet and seven 
tenths. With the dividers slightly open in one hand, we run 
the point of the dividers down along the perpendicular, 
marked — r, next to the diagonal line on the right, until we 
come to the parallel line on which the small division seven 
tenths is found ; this will be the third line below the top line. 
We place the point of the dividers on this parallel line, at a, 
where the perpendicular line, numbered — r, crosses it, and we 
extend the other point to the right, to 6, to the perpendicular 
marked 1, along the parallel line, to take in one inch, or ten 
feet. We then keep the right point of the dividers fixed, at 
b; and extend the other point to the left, to c, taking ia the 
small division seven tenths, and six of the subdivisions along 
the parallel line. The length, thus taken in between the twc 
points of the dividers, will be the required distance on the 
scale. 

From the description of the diagonal scale, and the cAumple 
of its use just explained, the arrangement of, and the manner 
of using any other diagonal scale will be easily learned. We 
have first to count the number of parallel lines below the top 
line, and this will show us the smallest fractional part of the 
equal subdivisions of the top line that we can obtain, by 
means of the scale. If, for example, we should find one 
hundred of these lines below the top line, then we could 
obtain from the scale, as small a fraction of the top sub- 
divisions as one hundredth ; and counting downwards on the 
left, or upwards on the right, the short lines, between the 
extreme diagonal lines and the perpendicular lines next tc 
them, we could obtain from the one hundredth to ninety 
nine hundredths of the top subdivisions. 
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Remarks, In the preceding examples we have taken tlw 
Bcales as corresponding to feet, because dimensions of objedi 
of ordinary magnitude are usually expressed in feet. When 
the drawing represents objects of considerable extent, we 
then should use a scale of an inch to so many yards, or 
miles; as in the case of a map representing a field, or an 
entire country. When the drawing represents objects whose 
principal dimensions are less than a foot we then use a scale 
of an inch to so many inches. In some cases where we wish 
to represent very minute objects, which cannot be drawn 
accurately of their natural size, we use a iiuitfuijied scale, that 
is a scale which gives the dimensions on the drawing a 
certain number of times greater than those of the object 
represented. For example, in a drawing made to a scale of 
three inches to one inch, the dimensions on the drawing 
would be three times those of the corresponding lines on th< 
object 

28. A convenient form of diagonal scale for obtaining 
twelfths of a foot, is shown in Fig. 12, where oJ, Jc, represent 
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feet, while the horizontal distances of the points 1, 2, 8, ete^ 
from the vertical line through h are each equal to a oor- 
responding number of inches. 
29. The scales represented in Figs. 7 and 8, PI. I, althongh 
^ used to some extent, are rather short and 

not as convenient to use as those where the 
graduation runs to the edge, so that by lay- 
ing the scale on the paper the required dis- 
tance can be marked off directly without 
using the d* videi*s. The frequent use of the 
dividers in taking distances from the scales, 
defaces the lines of the scale and should be 
avoided. In Fig. 13 are shown sections of 
sraleK in treneial use. These are all made 
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with thin edges, and with the graduation running to the very 
edge. On Nob. 1 and 2 there would be one, or poesibly two 
scales for each ed^, while ou No. 3 there can be at least six 
scales in all, two to each edge, one oii either side. 

80. Fig. 14 gives a side view of Nos. 1 or 2. There are 
four scales upon this, two upon each edge, one being double 
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the other. The scales are dnodeciraally divided, the divisions 
representing feet and inches. The following scales are the 
most useful : i, i, i, 1, f , f , li, 3. Two flat ones, or one tri- 
angular, will contain all of these. 

31. Fig. 15 represents what is called a chain scale. Such 
scales are numbered 10, 20, 30, 40, 50, 60, according to the 
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Fig. 16, 

number of divisions contained in an inch, and are the scales 
in common nse. The upper scale in Fig. 15 is numbered 20, 
that is, an inch is divided into 20 equal parts and might be 
nsed in practice for a scale of two or twenty chains to the 
inch ; two or twenty feet to the inch, or two or twenty miles 
to the inch. One triangular, or three flat scales, will contain 
all of those mentioned above. The duodecimally djvided 
scales are most useful for mechanical and geometrical draw- 
ing, while the chain scales, as their name indicates, are used 
mostly for plotting surveys. 

32. After the drawing of an object has been completed, it 
is necessary to state npon it the ratio between the lines of the 
drawing and those of the object. This is often done by the 
use of a fraction, as a scale of i, J, i, etc It is understood 
in such cases that the numerator refers to the drawing and 

tibe denominate r to the object, and that the numerator is equal 
2 
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to the denominator ; for example in the scale ^ we ahonkl 
anderBtand that one inch on the drawing equals four inchei 
on the object. In the scale j^ 1 in. = 8 in. or 1^" = 1 foot 
Instead of always expressing scales by the use of fractions, it 
is often stated what the scale is to a foot, as for example, 
" Scale i in. = 1 f(X)t," this expressed f i*actioually would be 
g^. Scale f in. = 1 foot would be tlie same as i^. 

33. Protractor. This is the instrument in most common 
use for laying off angles. It consists of a semicircle of thin 
metal or horn (Fig. IG), the circumference of which is divided 
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into 180 equal parts, termed degrees, and numbered, both 
ways, from 0° to 180°, by numbers placed at every tenth divi- 
sion. As the protractor is only divided into degrees, subdivi- 
sions of a degree can be marked off by means of it only by 
judging by the eye. A little practice will enable one to set 
off a half, or even a quarter of a degree with considerable 
accuracy, when the circumference is not very small. Where 
greater accuracy is required, protractors of a more compli- 
cated form are used. Some of the ivory scales are graduated 
ST) that they can be used as protractors, but they cannot be 
depended upon for accurate work. Horn ])rotractors are 
convenient to use as they are transparent, but they are liable 
to waqx Tracing paper has recently been used to print pro- 
tractors upon. Although not very durable, they have thia 
advantage that they may be made of larger sizes, some being 
fourteen inches in diameter; being upon tracing paper, they 
are transparent, and also cheap. 

There are other forms of scales nu^re or less complex, and 
8'?ldoni used, which it is W(A nccessarv to describe Ikm-o. 
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1. Gkx)d tools are not only necessary for good work, but 
they should be kept in perfect order. This is particularly 
true in drawing. The draughtsman should keep at hand a 
clean old linen rag, and a piece of soft washleather, to be 
used for cleaning and wiping the instruments before and 
after using. The pen should be wiped dry before laying it 
aside, and the soil from perspiration cleaned with the wash- 
leather in like manner. "With proper care a set of good in- 
struments will last a lifetime. 

2. Corwpasses, In describing circles keep both legs nearly 
vertical. This can be accomplished by means of the joint in 
each leg. By keeping the needle in a vertical position, it will 
not make a larger hole than necessary in the paper. Usually 
one hand is sufficient when describing circles ; but when the 
lengthening bar is used, it is better to steady the needle point 
with one hand, while the circle is described with the other. 
When inking a circle, complete it before taking the pen from 
the paper, because without great care the place where the 
lines join will show. 

3. Dividers. These are used for transferring distances 
from one part of a drawing to another, or from scales to the 
drawing. One hand is sufficient for their use ; but care must 
be taken when transferring distances not to change the posi- 
tion of the points by clumsy handling. A little care and 
practice will enable one to manage them easily. When tak- 
ing any distance with the dividers, open the points wider than 
necessary, and then bring to the required distance by pressing 
them together. In case it is required to lay off the same dis- 
tance a number of times on a straight line, it is better to step 
&e distance off, keeping one of the points on the line all the 
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time. In doiog this, do not tarn the instrument oontixmoadj 
in one direction, but reverse at each step, bo that the moving 
point will pass alternately to the right and left of the line. 
A single trial will convince one, by the ease with which the 
instrument can be handled, of the advantage of the last 
method. Care should be taken when using the dividers not 
to injure the surface of the paper. When laying off distances, 
do not make holes in the paper ; a very slight prick is suffi- 
cient, and this can afterwards be marked with the penciL 

4. Drawing pen. This is one of the most important instru- 
ments, and should never be of inferior quality. It is used 
for inking the lines of a drawing after it has been pencilled. 
The ink can be placed between the blades by means of a 
imall brush or a strip of paper ; but a more convenient way 
is to dip the edges of the pen into the ink, and they will 
generally take up enough ; in case they do not, breathe upon 
them, and then they will readily take the ink. After taking 
the ink in this way, always wipe the outside of the blades. 
When inking, incline the pen slightly to the right in the 
direction of the line, taking care that both points touch the 
paper. Do not press too hard against the ruler, nor try to 
keep the point of the pen too near the ruler. If the line is 
to be heavy, or broad, the pen should be movod along rather 
slowly, otlierwise the edges of the line will appear rough. 
Always draw the lines from left to right. In case the ink 
does not flow readily from the pen, try it upon a piece of 
waste paper, or outside the border line ; a piece of blotting 
paper is also good for this purpose. If these means fail, pass 
between the blades the corner of a piece of firm paper. 
When the ink gets too thick, it dries rapidly in the pen and 
occasions considerable annoyance ; in such a case, add a little 
water to the ink, and mix well before using. 

5. Sharpening j>en. As the pen is used a great deal, the 
points are worn away, changing their form as well as thick- 
ness, making it impossible to do nice work. Every draughts- 
man should be able to sharpen his pen and keep it in good 
order ; with a little practice and attention to the following 
directions, one will soon be able to sharpen a pen. Having 
obtained a fine grained oilstone, first screw the points together. 
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then draw the pen over the stone, keeping it in a perpendicu- 
lar plane, and taming it at the same time, so that the curve 
at the point shall take the shape shown in N?« 1, Fig. 17. 
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This is a better shape than either Nos. 2 or 3, although 3 
might do for heavy lines ; but for all lines, 1 is the best 
shape. It is well, however, to have two pens ; one being kept 
sharp for fine lines, while the other is used for heavy lines, 
and need not be sharpened as often. Having obtained the 
right shape, separate the points a little by means of the screw, 
and then lay each blade in turn upon the stone — keeping the 
pen at an angle of about 30° with the face of the stone — and 
grind off the thickness so as to bring to an edge along tlie 
point of this curve. For fine lines this edge should be pretty 
thin ; not a knife edge, which would cut the paper. See that 
the edges of both blades are of the same thickness, and the 
points of the same length ; then take the screw out and open- 
ing the blades, apply the inside of each to the stone just 
enough to take off any edge that may have been turned over. 
Next, screw up the blades, and try the points on the thumb 
nail to see if the edges are too sharp ; if they cut the nail, the 
sharp edge should be taken off by drawing the pen very lightly 
over the stone as in the first step. Next, try the pen with ink 
on paper, and the character of the line made will show whether 
anything more is needed. 

6. Dravnng hoard. The sides should be plane surfaces, 
and their accuracy may be tested by placing the edge of a 
ruler across the board in several positions, and observing 
whether it coincides throughout, in every position, with the 
surface. The edges of the board should be perfectly straight, 
and if one cannot detect any inaccuracy by the eye alone, 
they can be tested by applying a straight edge. It is not 
essential, however, that the edges should Ve exactly at right 
angles to each other, provided the head of the square is used 
only on one edge for any given drawing. 
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7. T 9qua/re. By placing the head againBt any edge of tha 
board, and moving it along, at the same time drawing linei 
along the edge of the blade in its successive poBitions, we have 
a series of parallel lines. If now the head is placed against 
eitlier adjoining edge, and lines are drawn as before, we shall 
have two sets of parallel lines at right angles to each other; 
that is, if the two edges of the board are exactly at right 
angles, and also the blade of the square exactly at right angles 
Ui the head. Now, as it is impossible to be sure that these 
angles are correct at all times, and as the lines drawn while 
the head is moved along any edge would be parallel, whether 
the blade be ut right angles to the head or not, it is better to 
use the head upon only one edge, and depend upon the trian- 
gles for perpendicular lines. It is customaiy and more con- 
venient to use the head upon the left-hand edge of the board, 
<M>ntrolling its movements with the left hand, while the right 
is free to draw the lines. In movhig from one position to 
another, take hold of the head instead of the blade. Always 
Hce that the head is against tlie edge before drawing a line, 
and use the upper edge in ruling. 

8. TriangUs. As there are two triangles, having the angles 
90% 45°, 45°, and 90°, 60°, 30°, respectively, it is evident that, 
by placing either of these triangles against the blade of the 
square, lines may be drawn making corresponding angles. 
As before suggested, this is the best way to draw perpendicu- 
lars. In case parallel lines are to be drawn, making angles 
diCFerent from those of the triangles, it may be possible to 
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accomplish u by a combination of both triangles with the 
square ; but it is difficult to hold so many pieces in place, so 
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as 



t it is better tu uee either one witli t)ie square, moving the 
blade so that the edge of the ti'iaugle shall coiucide with a 
line already drawn at the desired angle ; then, by holding the 
blade in place, and moving the triangle, lines may be drawn 
parallel to the tiret. To test the right angle of the triangle, 
place it against the aqnare as in Fig. IS, and draw the line 
a I, then turn the triangle over, as in the dotted position, and 
draw another line along the vertical edge, taking care that thti 
two lines sttrt from the same point a. Now, if these lines 
correspond throughout, the angle at the base is a right angle ; 
if there is any deviation, it will iudicate what change should 
be made to correct it. 

Marnier of using the triangles for dravrvng li/nee which an 

to he either paraUd or perpendieular to another line. 

Let A B (PI. I. Fig. 4) be a line to which it is required to 
draw parallel lines which shall respectively pass through the 
points, G, D, E, etc., on either side of A £. 

1st. Place the longest side, a b, of the triangle so as to 
coincide accurately with the given line ; and, if its other sides 
are unequal, taking care to have the next longest of the two, 
a c, towards the left hand, 2d. Eeeping the triangle accn- 
rately in this position, with the left hand, place the edge of 
the ruler against the side, a o, and secure it also in its position 
with the left band. 3d. Having the instruments in this 
position, slide the triangle along the edge of the ruler towards 
one of tlie given points, as Cfor example, until tlie side, a h, 
la brought so near the point that a line drawn with the pencil 
along a b will pass accurately through the point. 4th. Keep 
the triangle firmly in this position, with one of tlie fingers 
of the left hand, and with the i-ight draw the pencil line 
through the point. Proceed in the same way with I'espect to 
the other points. 

Remarks. When practicable, the first position of the 
triangle shonld be so chosen that, the side, a b, can be brought 
in succession to pass through the different points without 
having to change the position of the ruler. 

After drawing each line the triangle should be brought 
\ to its first position, in order to detect any error from 
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ftoddental cnange in the position of the ruler during the 
operation; and it will generally be found not only moflt 
convenient but an aid to accuracy to draw the line throngfa 
the highest point first, and so on downwards ; as the eye will 
the more readily detect any inaccuracy, in comparing the 
|>ositions of the lines as they are successively drawn. It will 
also be found most convenient to place the triangle first 
against the nilcr and adjust them together, in the first position 
along A B. 

It will readily appear that either side of the triangle may 
be placed against the ruler, or the given line. The draftsman 
will bo guided on this point by the positions and lengths of 
the required parallels. 

Let A li (PL I. Fig. 5) be a line to which it is required to 
di'aw a perpendicular at a point, (7, upon the line, or through 
a point, 2>, exterior to it. 

Ist. Place the longest side, a bj of the triangle against the 
given line, and directly beneath the given point Gy or 2>, with 
the ruler against a Cj as in the last case. 

2d. Confining the ruler firmly vrith the left hand, shift the 
position of the triangle so as to bring the other shorter side, 
b c, against the ruler. 

3d. Slide the triangle along the ruler, until the longest side, 
a b, is brought upon the given point C\ or D ; and, confining 
it in this position, draw with the pencil a line through C^ or 
D» The line so drawn is the required perpendicular. 

Another method of drawing a perpendicular in like cases 
is to place the ruler against the given line, and, holding it 
firmly in this position, to place one of the shorter sides of the 
triangle against the edge of the ruler, and then slide the tri- 
angle along this edge until the other shorter side is brought 
upon the given point, when, the triangle being confined in 
this position, the required perpendicular can be drawn. Uut 
this is usually neither so accurate nor so convenient a method 
as the preceding one. 

liemark. The accuracy of the two methods just described 
will depend upon the accuracy of the triangle. If its right [ 
angle is not perfectly accurate, the required perpendiculai 
will not be true. This method also should only be lesorted 
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to for perpendiculars of short lengths. In other cases one of 
the methods to be described farther on should be used as be- 
ing less liable to error. 

9. Irregular curves. Having determined the points through 
which the curve is to pass, the edge of the instrument is shifted 
about until it is brought in a position to coincide with threa 
or more consecutive points a, eZ, c (PI. I. Fig. 11) of the curve 
flj-y to be traced. When the position chosen satisfies the eye, 
that portion of the curve is traced in pencil which will pass 
through the points coinciding with the edge of the instrument. 
The instrument is again shifted so as to bring several points, 
contiguous to the one or other end of the portion of the curve 
just traced, to coincide, as before, with the edge of the instru- 
ment ; taking care that the new portion of the curve shall 
form a continuation of the portion already traced. The ope- 
ration is continued in this way until the entire curve is traced 
in pencil; it is then put in ink by going over the pencil Imo 
with the pen, using the instrument as a guide, as at first. 

The successful use of this instrument demands some atten- 
tion and skill on the part of the draughtsman, in judging by 
the eye the direction of the curve from the position of its 
points. When thus employed, curves of the most complicated 
forms can be traced with the greatest accuracy. 

When similar curves are to be drawn on both sides of a 
line — as in an ellipse — mark on the edge of the instrument 
the limits of the part used in drawing the curve on one side, 
and then turn it over and draw the opposite side between the 
same limits; 

10. Preparation of ink. Place a few drops of water in 
the saucei and rub the ink in it until the liquid is pretty thick 
and black. After a little experience one can tell by the ap- 
pearance when it has arrived at the proper consistency for 
nse ; it is not well, however, to trust to sight alone, but also 
to test it by making a wide line with the drawing pen upon 
a piece of paper, to see if it is perfectly black when dry. In 
testing in this way, go over the line only once. The cake 
should always be wiped dry after using to prevent cracking. 
Keep the saucer covered when not filling the pen. Ink may 
be kept moist for some time in a covered saucer ; but if it 
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•hould happen to dry, it is better to waah it all out and start 
anew. 

11. Pencils. For drawing straight lines the pencil should 
not bo cut to a round point, but to a flat thin edge like a 
wedge ; the flat side being laid against the edge of the mler 
when drawing lines. It is well to have another pencil sharp- 
ened to a round point for making dots and marking poiute. 
For the compasses the pencil point should be ronnd 

When the pencil becomes dull, or makes a heavy line, it 
may bo sharpened by rubbing on any hard surface, as a piece 
of rough paper, a piece of fine sand paper, or a fine file. 
Long pencils are more convenient to handle ; when they get 
short, trim them down for the compasses. 

12. Stretching j>a/pec. When it is desired to make a small 
line drawing, requiring no tinting, nor much time for its com- 
pletion, it is suflicient to fasten the paper to the board with 
thuml>-tacks ; but for large drawings, and especially those 
requiring any tinting or shading, it is necessary to stretch 
the i>aper by wetting, and then fasten to the board with 
mucilage. 

To do tliis, place the sheet of paper upon the boai'd, right 
side up, and turn up each edge of the paper against a ruler 
placed upon it about half an inch from the edge. Then take 
a perfectly clean sponge, and with clean water moisten the 
upper surface, omitting the edges that are turned up; in 
doing this, do not rub the paper, but merely press tlie sponge 
upon all parts. Let it stand with a little water upon the sur- 
face for about fifteen minutes — ^less time might do, but that 
will always ensure a good stretch — after that sop up the 
standing water, and then fasten each edge of the paper to the 
board with thick mucilage. After fastening one edge, it is 
better to fasten the opposite edge next, instead of either ad- 
joining edge. Rub the edges down with the thumb to secure 
a firm joint. Leave the board in a horizontal position while 
the paper is drying, taking care not to place near the fire. 

Some prefer not to wet that side of the paper upon which 
the drawing is to be made. There is no objection to it, if one 
is only careful not to injure the surface by rubbing, and tc 
use clean water ; besides, it is a little more convenient, f oi 
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the edges are not likely to get wet, ae they are turned up ; it 
»leo saves the tixjiible of tumiiig the payer over, during which 
operatiou the board is likely to get wet, and the mucilage will 
not be BO likely to hold. 

When stretching a large sheet where the centre is apt to 
dry before the edges, so that there is danger of their being 
pulled up, lay a damp cloth upon the centre, away from the 
edges, and let it remain until they become dry. 

13. J'enaiUing a drawing. This consists in locating the 
lines of the drawing properly and accurately upon the paper. 
In doing this, do not make any unnecessary lines, or any linea 
onnecessarily long; a httle attention given to this will make 
a much neater drawing, and there will be less liability to 
make mistakes when inking. The linea should be fine and 
merely dark enough to he seen. As a rule it ia better to com- 
plete the dj-awing iu pencil before inking ; to this rule, how- 
ever, tliere are exceptions ; as in complicated drawings of 
machineiy where it is well to ink some parts before finishing 
the pencilling of the whole. 

14. Inking a drawing. It is customary in inking a draw- 
ing to ink all the circles and arcs before the right lines, as it 
is easier to make the lines meet the arcs than the arcs the 
Hues. When there are a number of small concentric circles 
to he inked, commence with the smallest. 

After inking all the circles, ink the horizontal lines next, 
commencing at the top and working dowu ; then ink the ver- 
tical lines, eommenciug at the left and going to the right. 
Where there are to be lines of different widths, ink tliose of 
the same width before changing the pen. By having a little 
system one will work more rapidly. 

When inking a complicated drawing before or after it is 
entirely pencilled, ink first those parts tliat are in front, and 
■work hack, thus avoiding the danger of making lines full that 
should be dotted. 

To obtain the best effect in a hne di-awing, the ink should 
be perfectly black, and the lines smooth and even ; the thick- 
ness of the fine and heavy lines should be pi-oportioned to 
each other and to the scale of the drawing. The shade lines 
^lould also be cori'ectly located. There is another thin? that 
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•dds muob to the looks of a drawing, and that is perfect intei 
Bections of lines, as in tlie case of two lines meeting at a point 
neither line should stop before reaching the point, nor mn 
beyond, as is more likely to occur. , m ' ^ ' "^ 

If the drawing is to be shaded, do not use black ink for the 
outlines, as light ink will blend into the shading better ; it if 
well, too, to make the lines fine. 

It is sometimes found necessary to ink a straight line sc 
that it shall taper. This is easily accomplished by moving 
one end of the ruler slightly back, the other end remaining 
dxed, and going over the line again. Where a number of 
lines meet at a point, care must be taken in inking, not to make 
a large blot at the intersection ; it is better to draw the lines 
from rather than towards the point ; wait for each line to dry 
before drawing the next. Where there are a great many 
lines, the angle between them being small, they will unavoid- 
ably meet, before reaching the point ; so that in inking it is 
not well to start each line from the point, but only fron: 
where it would meet the last line. Let about every third line 
start from the point. 

15. Accuracy. In both the construction of a drawing in 
pencil and the inking, accuracy should be the aim of the 
draughtsman. No matter how simple the drawing, let the 
construction be exact. The importance of this is apt to be 
lost sight of in the class room and upon elementary work, 
but will be manifest when one comes to the construction of 
drawings for use. Begin right, then, and cultivate accuracy 
as a habit. 

16. Cleaning a drawing. To remove pencil lines a piece 
of vulcanized India rubber is necessary ; but to remove dirt 
there is nothing better than a piece of stale bread, using the 
inside of a crust. This seems to remove the dirt without 
affecting the ink lines, and leaves the paper with a fine gloss. 
Do not rely, however, upon the possibility of cleaning a 
drawing when finished ; never allow it to get very much soiled. 
Always dust with a brush, the drawing board, paper, and 
instruments, before commencing work. When a drawing is 
to occupy much time, paste a piece of waste paper on the 
edge of the drawing board, to fold over the drawing when 
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not at work. By cutting the paper, one can arrange so as to 
cover part of the drawing while working on another part 

17. Cutting off a drawing. To remove the paper from 
the board after the drawing is finished ; place the ruler so as 
to coincide with a pencil line, drawn just inside the line of 
the mucilage, and then run the knife along the ruler. 

Before cutting ofE a drawing see that it is perfectly dry, as 
it will wrinkle if paii; of the sheet is damp. When cutting 
take the edges in order round the board ; not crossing from 
one edge to the opposite, and let each cut commence from the 
last one. 

18. Trdcmg, It is often necessary to have one or more 
copies of a drawing. By the use of tracing paper or cloth, 
these can be taken from the drawing already made, thus sav 
ing much time. The paper or cloth should be large enough 
to allow the tacks, which hold it down, to clear the drawing ; 
weights may be used in case it is not, but they ai-e apt to be 
in the way. Some of the tracing cloth has one side dull, for 
the use of a pencil, if desired ; let the tracing be made upon 
the glazed side. Tracing cloth will take color, but the tint 
should be somewhat thicker for this purpose than for ordinary 
tinting. Apply the tint to the dull side of the cloth ; do not 
try to tint large surfaces. 

19. Accuracy of scales. To test the accuracy of the gradu- 
ation, take any distance with the dividers, from the scale, and 
compare it with a similar distance, at different parts of the 
scale. It is well to test the graduation near the ends, as it is 
more likely to be inaccurate there. Another way of testing 
is by placing two scales together to see if they correspond. 
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CHAPTER III. 

OONSTBUCnON OF PROBLEMS OF POINTS AND STRAIGHT 

LINES. 

Prcb. 1. (PL I. Fig. 18.) To draw a straight Une through 
two given points. Let A and B be two given points, pricked 
into the surface either by the sharp point of a needle, or of a 
lead pencil. 

1st Make with the lead pencil a small o, or round thus 0, 
enclosing each point, for the purpose of guiding the eye in 
finding the point 

2d. Place the edge of the ruler in such a position near the 
points that the point of the. lead pencil, or other instrument 
used, pressed against and drawn along the edge of the ruler, 
will pass accurately through the points. 

8d. Place the pencil upon, or a little beyond the point J., 
on the left, and draw it steadily along the edge of the ruler 
until its point is brought to the point -B, on the right, or a 
short distance beyond it. 

Remark, To draw a straight line accurately, so as to avoid 
any breaks, or undulations in its length, and have its breadth 
uniform, demands considerable practice and skill. The 
pressure of fingers and thumb on the pencil should be firm 
but gentle, as well as the pressure of the pencil against the 
edge of the ruler and upon the surface of the drawing. We 
should endeavor to get into the habit of beginning the line 
exactly at the one point and finishing it with the same pre- 
cision at the other ; this is indispensable in the case of ink 
lines, but although not so important in pencil lines, aa 
they are easily effaced, still it aids in giving firmness to the 
hand and accuracy to the eye to practise it in all cases. The 
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small round placed about the dot will be found a Yeary 

useful adjunct both to the hand and eye in all cases. Draw 

ing ink lines of various degrees of breadth with the ordinary 

Bteel or quill pen will be also found excellent practice under 

this head. 

Lines in drawing are divided into several classes (PL 1. 

Fig. 13 bis) as/WZ, broken^ dotted^ and broken and dotted, &c. : 

these again are divided into Jins^ medium^ and heavy, according 

to the breadth of the line. A fine line is the one of least breadth 
that can be distinctly traced with the drawing pen; the 

medium line is twice the breadth of the fine ; and the heavj 

is at least twice the breadth of the medium. 

The coarse broken line consists of short lines of about |i| 
of an inch in length, with blank spaces of the same length 
between them. The fine broken lines and spaces are -fj of 
an inch. 

The dotted line consists of small elongated dots with spacer 
of the same between. 

The broken and dotted consists of short lines firom ^^ to I 
of an inch with spaces equal in length to the lines divided by 
one, two, or three dots at equal distances &om each other and 
the ends of the lines. 

These lines may also be fine, medium, or heavy. 

When a line is traced with quite pale ink it is termed a 
faint line. 

The lines of a problem which are either given or an 
to be found should be traced in full lines either fine or 
medium. 

The lines of construction should be broken or dotted. 

The outlines of an object that can be seen by a spectatoi 
from the point of view in which it is represented should be 
fiiU, and either fine, medium, or heavy, according to the par 
ticular effect that the draftsman wishes to give. The portions 
of the outline that cannot be seen from the assumed point of 
view, but which are requisite to give a complete idea of thi 
object, should be dotted or broken. 

The other lines are used for conventional purposes by the 
draftsman to show the connexion between the parts of i 
problem, &c., &c. 
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l^rcb. 2. (PI. II. Fig. 14.) To set off a gi/ven duta/iioe^ 
along a straigM line^from a gi/oen point on it. 

Let C^-D be the line, and A the given point. 

1st. Mark the given point -4, as in the preceding pro- 
blem. 

2d. Take oflF the given distance, from the scale of equal 
parts, with the dividers. 

8d. Set one foot of the dividers on J., and bring the other 
foot upon the line, and mark the point B^ either by pricking 
the surface with the foot of the dividers, or by a small dot 
made on the line with the sharp point of a lead pencil. 

When the distance to be set off is too small to be taken 
off from the scale with accuracy, proceed as follows: — 

1st. Take off in the dividers any convenient distance 
greater than the given distance, and set it off from A to h. 

' 2d. Take off the length by which J. 6 is greater than the 
given distance and set it off from h to c, towards A ; the part 
A c wiQ be the required distance. 

Semark. A given distance, as the length of a line, or the 
distance between two given points, is sometimes required to 
be set off along some given line of a drawing. This is done 
by a series of operations precisely the same as just described. 
In using the dividers, they must be held without stiffness, 
care being taken not to alter the opening given to them, in 
taking off the distances, until the correctness of the result has 
been carefully verified, by going over the operation a second 
time. Particular care should be paid to the manner of hold- 
ing the dividers in pricking points with them, to avoid 
changing their opening, as well as making too large a hole 
in the drawing surface. 

Prob. 3. (PL II. Fig. 15.) To set off, along a straight line, 
any number of given equal distances. 

Let C Z) be the straight line, and the given number of 
equal distances be eight. 

1st. Commence by marking a point J., on the line, in the 
usual manner, as a starting point. 

2d. The number of equal divisions being even, take off in 
the dividers from the scale their sum, and set it off from A tc 
8| and mark the point 8. 
3 
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8d. Take firorn the scale half the sum total, and set it oif 
from il to 4; taking care to ascertain that the dividen 
will aocurately extend from 4 to 8| befinre marking the 
point 4. 

4th. Take off from the scale the fourth of the sum total, 
and set it off respectively from J. to 2, and 4 to 6 ; taking 
care to verify, as in the preceding operation, the distancen 
2—4, and 6—8. 

5th. Take off from the scale the ^ven equal part, and sei 
it off from A tol; from 2 to 3, &c. ; taking care to verify 
the distances as before. 

liemark. When the number of equal distances is odd, 
commence by setting off from the starting point, as just 
described, an even number of equal distances, either greater 
or smaller than the given odd number by one, taking in pre- 
ference the even number which with its parts is divisible by 
two ; if, for example, the odd number is 7, then take 8 as the 
even n umber to be first set off; if it is 5 then take 4 as the 
oven number. Having as in the first example, set off 8 parti 
wo take only the seven required parts ; and in the second 
having set off 4 parts only we add on the remaining fifth part 
to com{)lete the required whole. 

The reason for using the operations just given instead of 
setting off each equal part in succession, commencing at the 
starting point, is, if there should be the least error in taking 
off the first equal part from the scale, this error will increase 
in proportion to the total number of equal parts set ofl^ so 
that the whole distance will be so much the longer or shorter 
than it ought to be, by the length of the error in the first 
equal distance multiplied by the number of times it has been 
repeated. 

Prob, 4. (PI. 11. Fig. 16.) From a point on a right Une to set 
off any number of successive unequal distances. 

Let £7 Z^ be the given line, and A the point fi^om which the 
first distance is to be reckoned; and, for example, let the 
distances be respectively A b equal 20 feet ; b c equal 8 ; c d 
equal 15 feet ; and d B equal 25 feet. 

1st. Commence by adding into one sum the total numbei 
of distances, which in this case is 68 feet 
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2d. Take off from the scale, of equal parts this total, and 
set it off from A to B. . 

3d. Add up the three first distances of which the total is 
43 feet ; take this off from the scale, and set it off from A 
to d. 

4th. Take off the distance dB in the dividers, and apply it 
to the scale to verify the accuracy of the construction. 

5th. Set off successively the distances A b equal 20 feet ; 
and A c equal 28 feet ; and verify by the scale the distances 
b c, and c d. 

Remark The object of performing the operations in the 
manner here laid down is to avoid carrying forward any 
inaccuracy that might be made were the respective distancea 
set off separately. The verifications will serve to check, as 
well as to discover any error that may have been made in 
any part of the construction. 

Prob, 5. (PI. II. Fig. 17.) To divide a given line, or the 
distances between two given points, into a given number of equal 
parts. 

Let A B he the distance to be divided; and let, for 
example, the number of its equal parts be four. 

Take off the distance AB in the dividers, and apply it to 
*Ae scale of equal parts, then see whether the number of 
equal parts that it measures on the scale is exactly divisible 
by 4, or the number of parts into which J. 5 is to be divided. 
If this division can be performed, the quotient will be one of 
the required equal parts of A B Having found the length 
of one of the equal parts proceed to divide A B precisely in 
the same way as in Prob, 3. 

Jf AB cannot be divided in this way, we shall be obliged 
to use the ruler and triangle, in addition to the dividers and 
scale of equal parts, to perform the requisite operations, and 
proceed as follows : — 

1st. Through the point B, draw with the ruler and pencil 
a stiaight line, which extend above and below the line A B, 
so that the whole length shall be longer than the longest side 
of the triangle used. The line CD should make nearly a 
right angle with A B. 

2d. Take off from the scale of equal parts any distance 
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greater than A B^ which is ezaody diviaUe hj 4^ or llit 
number of parts into which J. £ is to be diyiddd. 

8d. Place one foot of the dividers at A^ and bring the 
other foot npon the line OD^ and mark this seoond point 4^ 
in the usual way. 

4th. Draw a straight line through A and 4. 

5th. DiyidCi in the nsoal way, the distance A4c into its 
four equal parts A 1, &c., and mark the points 1, 2, S, &a 

6th. With the ruler, triangle, and pencil draw lines paialle! 
to GD, through the points 8, 2, and 1 ; and mark the points 
dj c, and &, where these parallel lines cross A B. The distances 
Ab^bc, cd, and d^ will be equal to each other, and each the 
one fourth o( AB. 

Bemarhs. The distance J. 4 may be taken any length 
greater than A B the line to be divided. It will generally be 
found most convenient to take a length over twioe that of 
AB. 

The line BO\a drawn so as to make nearly a right an|^ 
with A Bj in order that the points where the lines parallel to 
it cross A B may be distinctly marked. Attention to the 
selection of lines of construction is of importanoCi as the 
accuracy of the solution will greatly depend on this ohoioe. 
In this Prob.^ for example, the line CD might have been 
taken making any angle, however acute, with A B^ withont 
affecting the principle of the solution : but the practical zeanll 
might have been very far fix>m accurate, had the angle beei 
very acute, from the difficulty of ascertaining with aoooraqy^ 
by the eye alone, the exact point at which two lines inteneci 
which make a very acute angle between them, such as thelinei 
drawn from the points 1, 2, 3, &c., parallel to GD^ wonjd 
have made with A B had the angle between it and GD been 
very acute. The same remarks apply to the selection of ara 
of circles by which points are to be found as in figs. 18| It, 
&c. The radii in such cases should be so chosen that tba 
arcs will not intersect in a very acute angle. 

Prob. 6. (PI. 11. Fig. 18.) From a paint an a given Um U 
construct a perpendicular to the line. 

Let GD be the given line, and A the point at which it is 
vequired to construct the perpendicular. 
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Ist. Having fitted the pencil point to the dividers, open the 
legs to any convenient distance, aud having placed the steel 
point at A, mark, by describing a small arc across the given 
line with the pencil point, two points h and c, on either side 
of j4, and at equal distances Irom it. 

2d. Place the steel point at 6, and open the legs until the 
pencd point is brought accurately on the point c; then from 
6, with the distance h c, describe with the pencil point a small 
arc above and below the lioe, and as nearly as the eye can 
judge just over and under the point A. 

3d. Preserving carefully the same opening of the dividers, 
shift the steel point to the point c, and describe from it small 
arcs above and below the line, and mark with care the points 
where they cross the two de.'icribed from b. 

4tb. "With the ruler and pencil, draw a line through the 
points A and B, extend it above S as far as necessary ; thii 
is the required perpendicular. 

Bemarks. The accuracy of the preceding construction will 
depend in a great degree upon a judicious selection of the 
equal distances set ofl:' on each side of A in the first place ; in 
the opening of the dividers h c with which the arcs are 
described ; and upon the care taken in handling the inatru- 
menta and marking the requisite points. 

With respect to the two equal distances A b and A c, they 
may be taken aa has been already said of any length we 
please, but it will be seen that t;he longer they are taken, 
provided the whole distance i c can be conveniently taken off 
with the dividers, the smaller will be the chances of error in 
the construction. Because the greater the distance b c the 
fiirther will the point B, where the two arcs cross, be placed 
trom A, and any error therefore that may happen to be made, 
in marking the point of crossing of the arcs at B, will throw 
the required perpendicular less out of its true position than 
if the same error had been made nearer to the point A ; 
moreover, it is easier to draw a straight line accurately 
through two points at some distance apart than when they 
Me near each other ; particularly if the line is required to bo 
extended beyond either or both of the points ; for if any 
error ia made in the part of the line joining the two points it 
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will inoream the more the &rther the line im eztanded cidiei 
way beyond the pointi. 

With respect to the dinance be, with whidi die arcs an 
deseribed, this might have been takea of any length prorided 
it were greater than A b. Bat it will be finmd on trial| if a 
distance much less than the three fourths o( or mnch greater 
than 6 c, is taken, to describe the arcs with, that their point 
of crossing cannot be marked as aocorately as they can be 
when the distance & c is used. 

Attention to a judicious selection of distanoesi Axx, need m 
making a constructiou, where they can be taken at pleasurei 
is <;f great importance in attaining accuracy. Where points, 
like JJ, are to be found, by the crossing of arcs, or of strai^t 
lines, we Hhould endeavor to give the lines such a position that 
the |x;int of crossing can be distinctly made out, and aocu- 
ratcly marked; and this will, in all cases, be effected by 
av oiriing to place the lines in a very oblique position to each 
otlicn 

A further point to secure accuracy of construction is to 
obtain means of proo^ or verification. In the construction 
just made, the point d will serve as a means of verification; 
for the perpendicular, if prolonged below A^ should pass 
accurately through the point d if the construction is correct. 

Proh. 7. (PI. II. Fig. 19.) From a point, at or near lAe 
txt/rerrdty of a given line, to construct a perpendicular to the Ime.- 

iA*X CI) be the line, and A the point. . 

Jn thiH case the distance A C being too short to use it as in 
the last Prob,<^ and there not being room to extend the line 
beyond (7, a different process must be used. 

1st. Mark any point as a above CD, and between A and 
D. 

2d. Place the foot of the dividers at a, and open the legs 
until the pencil point is brought accurately on A; then 
describe an arc to cross CD at i, and produce it firom A so 
fieir above it that a t^traight line drawn through b and a will 
cross the arc above A. 

8d. Mark the point 6, and with the ruler and pencil draw 
a straight line through a and b, and prolong it to cross the 
arc at B. 
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4th. Mark the point B ; and with the ruler and pencil draw 
a line through A and B, This will be the required perpen 
dicular. 

Prob, 8 (PI. U. Fig. 18.) From a given pointy above of 
below a given line, to draw a perpendicular to the line. 
Let CD be the given line, and B the given point. 
1st. Take any opening of the dividers with the pencil 
point, and placing the steel point at B describe two small arcs, 
crossing OJD at b and c ; and mark carefully these points. 

2d. Without changing the opening of the dividers, place 
the steel points successively at h and c, from which describe 
two arcs below CD^ and mark the point d where they cross. 

3d. With the pencil and ruler draw a line through Bd. 
This is the required perpendicular. 

Remark, The distance B c, taken to describe the first arcs, 
should as nearly as the eye can judge be equal to that be 
beiweei. them, unless the given point is very near the given 
Une. 

Verification. K the construction is accurate, the distance 
A b will be found equal \jo Ac ; and A B equal to A d, 

Prob. 9. (PI. II. Fig. 19.) To constrvuct the perpendicular 
when the point is nearly over the end of the given line. 
Let B be the given point, and CD the given line. 
1st Take oS any equal number of equal distances from the 
scale with the dividers and pencil point. 

2d. Place the steel point at B, and, with the distance 
taken off, describe an arc to cross CD at b; and m<nrk the 
point b, 

3d. Draw a line through B b, 

4th. Take off half the distance B b, and set it off from eitlier 
B, or b to a, and mark the point a. 

5th. Place the steel point of the dividers at a, and stretch- 
ing the pencil point to b, or B, describe an arc to cross C D at 
A, and mark the point A. 

6th. Draw a line through A and B. This is the required 
perpendicular. 

Verification. Produce B A below C D, and set off J. ^ 
equal to A B; if the construction is accurate b d will be found 
equal to jB 6, 
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Ptob. 10 (PL n. Figs. 18, 19.) Hum a gkmnpami^^ 
line to set off a point at a given dixkmot abovt cr hdom . Ai 

Let il be the given point on the line CD. 

Ist By Prob. 6, or 7, according to the poatios of A^ wo* 

stract a perpendicular at J. to CD. 

2d. Take off the given distance and set it off fix>nL A along 
the perpendicular, according as the point is reqtdzed above or 
below the line. 

Bemark. If the point may be set ofi^ at pleasore, above or 
below CD^ we may either construct a perpendicular at plea- 
sure, and set off the point as just described, or we may take 
the following method, which is more convenient and expedi- 
tious, and, with a little practice, will be found as aoomata 
as either of the preceding. 

Take off the given distance in the dividers. Then place 
one foot of the dividers upon the paper, and describing an 
arc lightly with the other, notice whether it just touches^ 
crosses, or does not reach the given line. If it crosses,, the 
position taken for the point is too near the line, and the foot 
of the dividers must be shifted farther off; if the arc does not 
]neet the line the foot of the dividers must be brought nearer 
to the line. If the arc just touches the line the point where 
the stationary foot of the dividers is placed being marked 
will be a point at the required distance from the given 
line. 

Verification. The correctness of this method may be 
verified by describing from a point set off by either .of the 
other methods an arc with the given distance, which will be 
found just to touch the given line. 

Prcb. 11. (PI. II. Fig. 20.) Through a given point to draw 
a line parallel to a given line. 

Let A be the given point ; CD the given line. 

1st. Place one foot of the dividers at J., and bring ihe 
other foot in a position such that it will describe an aro tK ^ i 
shall just touch CD at h. 

2d. Without changing the opening of the dividers plaoa 
one foot at a point B^ near the other end of CD, so that the 
arc described with this opening will just touch the Une al €L 
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8d. Having marked the point B, draw through ABb. liae. 
This will be the required parallel. 

Vertyicalion. Having constructed the two perpeodioulan 
A b, and 5 c, to CD, the distance b c will be found equal 
to j1 j9 if the construction is accurate. 

I^ob. 12. (PI. 11. Fig. 20.) To draw at a given distant 
from a given line a parallel to the line. 

Let CD be the giveu line. 

1st. Take off in the dividers the given distance at which 
the parallel line is to be drawn. 

2d. Find, by either of the preceding methods, a point A, 
near one end of CD, and a point B near the other, at the 
given distance from OD. 

3d. Having marked these points draw a hne through them. 
This is the required parallel, 

Verijication. The same proof may be used for this as in 
Prob. 11. 

Prob. 13. (PI. II. Fig. 21.) Ih transfer an angh ; or, fnm a 
pmnt,on a given Z»ie, lodraw a line which shall make wilhthe given 
line an angle equal to one between two other lines on the drawing. 

Let the given angle to be transferred be the one bae 
between the lines a b and a c. Let D Ebe the given line, and 
A the point, at which a line is to be so drawn as to make 
with DE an angle at A equal to the ^ven angle. 

1st. With the dividers and pencil point describe, (xom o, 
with any opening, an arc, and mark the points b and c, where 
it crosses the lines containing the angle. 

2d. AVithout changing this opening, shift the foot of the 
dividers to A, and describe from thence an arc as nearly as 
the eye can judge somewhat greater than the one be, and 
mark the point B where it crosses D E. 

3d. Place the foot of the dividers at b, and extend the 
]rencil point to c. 

4th. Shift the foot of the dividers to B, and, with the same 
opening, describe a small arc to cross the first at C, 

5th. Having marked the poijit C, draw a line through 
A C. This line will make with D E the required angle. 
.pTti). 14. (PI. II. Fig. 22.) From a point of a given Unti, 
mnff a Une making an angle of 60° wi^ the given liae. 




Lot DJEhe the given line^ and A the given pcMiit 

Ist Take any difltanoe in the dividen and pencil iMtnti and 
act it off from A to B. 

2d From A and B^ with the same openings deaoribe ao 
arc, and mark the point where the aros ooaa. 

8d Draw a line throogh A 0. Thia line will make with 
the given one the required angle of 80^. 

Prob. 15. (PI. II. Fig. 22.) Framapdintan agwm UneU 
draw a line making an angle of4&^ vnth iL 

Let B be the given point on the line D JEl 

lat Set off any distance J5a, along DJE, from B. 

2 J. Construct by Prob. 6 a perpendicular to i>^at a. 

8(1. Set off on this perpendicular a c equal to a & 

4th. Having marked the point c, draw through ^e a line. 
Thin will make with D E the required angle of 45*. 

Prol). 16. (PI. II. Fig. 23.) To divide a given ongh mte 
two eqwtl parts, 

hex B A C be the given angle. 

Ist. With any opening of the dividers and pencil poin^ 
dcMcribo an arc from the point A^ and mark the points h 
and (J, where it crosses the sides A B and J. of the 
angle. 

2d. Without changing the opening of the dividers, deaoribe 
from h and c an arc, and mark the point D where the arcs 
crofw. 

8d. Draw a line through A D. This line will divide the 
given angle into equal parts. 

Vertflcation. If we draw a line through b c, and mark the 
point d where it crosses AD; the distance bd will be found 
equal to dc, and the line be perpendicular to ilZ>, if the 
construction is accurate. 

Bemarks. Should it be found that the point of crossing at 
D of the arcs described from b and e is not well defined, 
owing to the obliquity of the arcs, a shorter or longer dis* 
tance than A b may be taken with which to describe them, 
without making any change in the points b and c first set 

off: 

Prob. 17. (PI. II. Fig. 24.) To find the line which mZj 
Avide into two equat parts the angle contained between twe 
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L fMwn tinea, when Ote aiigular point, or point of meeting of 0t4 
two lines, is not on the drawing. 

Let A B and CD be the two given lines. 

Ist, By Prob. 10 set off a point at b at any distance taken 
ftt pleasure from A B, and by Prob. 11 draw througli this 
point a lice parallel Ui A B. 

2d. Set off a point d at the same distance from D G 6ah ts 
from A B, and draw through it a parallel to D C; and mark 
the point c where these parallel lines cross, 

3d. Divide the angle bed between the two parallels into 
two equal parts, by Prob, 16. The dividing line o a will also 
divide into two equal parts the angle between the given 
lines. 

Verification. If from any point, as o, on the line ca, a 
perpendicular om be drawn %o A B, and another on to CD, 
these two perpendiculars will be foimd equal if the construc- 
tion ifl accurate. 



tCONSTKCOTION OF PbOBLKMS OF ArCS OF ClBCLES, 
Straight Lines, and Points. 

Prob. 18. (PI. II. Fig. 25.) Through two given points to 
iescnbt an arc of a circle vtith a given radius. 

Let B and C be the two points. 

1st. Take off the given distance in the dividers and pencil 
point, and with it describe an arc from B and C respectively, 
and mark the point A where the arcs cross. 

2d. Without changing the opening of the dividers, describe 
an arc from the point A through B and O, which will be the 
one required. 

Prob. 19. (PI. II. Fig. 26.) To Jind the centre of a circle, or 
arc, the circumference of which can be described through three 
given points, and to describe it. 

Let A, B, and C be the three given points 

1st. Take off the distance BA between the intermediate 
point and one of tho exterior points, as A, with the dividers 
and pencil point, and with this opening describe two mica 
fnjn; B, on either side of B A. 
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Semarks. It sometimes happens that the point to which a 
tangent is required is so near the extremity of the arc, aa at 
A, or C, tliat the method last explained cannot be applied. 
In auch a case we must first find the centre of the arc, or 
circle, which will be done by marking two other points, as 3 
and A, on the arc, and by Prob. 19 finding the centre of 
the circle of which this arc is a portion of the circumference. 
Having thus found the centre, the tangent at C will be oon- 
Btructed by the first method in this Prob. 

Prob. 21. (PI. II. Fig. 27.) At a given point on the cir- 
citviference of a given circle, to constmcl a circle, or arc, (/ a 
given radius tangent to the given circle. 

Let B be the given point, and If the centre, which ia either 
given, or has been found by Prob. 19. 

1st. Through DB draw the radius, which extend outwards 
if the centres of the required circle and of the given one are 
to lie on opposite aides of a tangent line to the firat circle at 
B ; or, in the contrary case, extend it, if requisite, from D in 
the opposite direction. 

2d. From Bset off along this line the length of the given 
radius of the required circle to C, or to A. 

8d. From C, or A, with the distance CB, or AB, describe a 
circle. This is the one required. 

Prob. 22. (PI. II. Fig. 28.) 'From a given point mthoui a 
given circle, to draw two tangents to ike circle. 

Let A be the centre of the given circle, and B the given 
point 

Ist. Through AB draw a line. 

2d. Divide' the distance AB into two equal part» by 
/Vofi. 5. 

3d. From C, with the radius CA, describe an arc, and mark 
the points D, and E, where it crosses the circumference of the 
given circle, 

4th. From B draw lines through D and K These lines 
are the required tangents. 

Verijication. If lines are drawn from A,U3D and E, they 
will be found perpendicular respectively to the tangents, if 
the coostriiction is accurate. 

Remark, In this Pr(A., aa in most geometrical construe 




Idons, many of the lines of oonstructioii need not be actually 
drswD, either in whole, or in part In this case, for example, 
« small portion of the line A — B, at its middle point, is alone 
Deoeesaiy to determine this point. In like manner, the points 
L and E could have been marked, without describing the arc 
actually, but by simply dotting the points required. In this 
manner, a draftsman, by a skilful selection of his lines of 
construction, and using only such of them, in whole, or in 
part, as are indispensably requisite for the solution, may, in 
complicated constructions, avoid confusion from the intersec- 
tion of a ^multiplicity of lines of construction, and abridge his 
labor. 

PnA. 28. (PI. II. Fig. 29.) To draw a tangent to tioo giver, 
circles. 

Let A be the centre of one of the circles, and ^1 C its radius; 
B the centre, and BE the radius of the other. 

1st, Through AB draw a line. 

2d. From Cset off OJ) equal to BE. 

3d. From A, with the radius AB, equal to the diffurence 
between the radii of the given circles, describe a circle. 

4th. From B by Prob. 22 draw a tangent BB to this last 
circle, and through the tangential point B, a radius ^ C to the 
given circle. 

5th. Through C draw a "line parallel to SB. This line 
will touch the other given circle, and is the required tangent 
VeriJUatwn. CE will be found equal to BD, if the con- 
liiiuction is accurate. 

Prob. 24. (PI. II. Fig. 80.) Haviiig hoo lines that make an 
angle, to construct within the angle, a circle wili a given radiiu 
tangent to the two given lines. 

Let AB and AC be the two given lines containing the 
angle. 

Ist. By Prdi. 16 construct the line AB which di^^aps ihv 
giTen angle into two equal pans. 

2d, By Proh. 10 set off a point S at a distance from AB 
equal to the giren radius, and throu-rli this point draw the 
line ab parallel to AB, and mark the point a where it crosBCB 
AD. 
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8<1. From a, with the given radius, describe ft circlo. Thi« 

IS the one required. 

Verijicacifm. The diatances Ac, and Ad. will be found 
equal, if the conatruciion is accurate. 

Prob. 26. (PI. II. Fig. 31.) Having two lines containirig 
an angle, and a given radius of a circle, to construct, as in iht 
last case, this circle tangent to the tux* lines ; and then to construct 
aiiOlher circle which shall be tangent to Oie last and also to the 
two lines. 

Let AB and CD be the two lines, the point of meeting of 
which is not on the drawing. 

lat. By Prob. 17 find the line £7^ that equally divides the 
angle between Lhe lines, 

2d. By Prob. 2-1 construct the circle, with the given radiiw 
a^, tangent to these t^Mj lines, 

3d. At b, where Ji'F crosses the circumference, draw by 
Prob. 20 a tangent to the circle, aud mark the point d where 
J I crosses AB. 

4th. From d, set off de equal to t^, and mark the 
point e. 

5th, At e construct by Prob. 6 a perpendicular ef, to AB, 
and mark the point/ where it crossea £F. 

6th. From/ with the radius _/e, describe a circle. This ia 
tangent to the first circle, and to the two given lines. 

Remark. In like manner a third circle might be con- 
structed tangent to the second and to the two given linea ; 
aud so on as many in tiucceasion aa may be wanted, 

Pr<A. 26. (PI. in. Fig. 32.) Having a circle and right Une 
ptuen, to construct a circle of a given raditis which shall be tangent 
to the given circle and right line. 

T^.et C be the centre of the given circle, and AB the giveo 
line. 

laL By Prob. 12 draw a line parallel to AB, and at a 
distance BQ from it, equal to the given radius. 

2d, Draw a radius CD through any point D of the given 
;ircle, and prolong it outwards, 

3d. From D set off, along the radius, a distance ZJ^equftl 
*) BQ, or the given radius. 

4lh. From C. witli liie distance CF, describe 
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will increase the more the &rther the line is extended eiihei 
way beyond the points. 

With respect to the distance b Cy with which the arcs are 
described, this might have been taken of any length provided 
it were greater than Ab. But it will be found on trial, if a 
distance much less than the three fourths o^ or much greater 
than i c, is taken, to describe the arcs with, that their point 
of crossing cannot be marked as accurately as they can be 
when the distance & c is used. 

Attention to a judicious selection of distances, &c., used m 
making a constructiou, where they can be taken at pleasure, 
is of great importance in attaining accuracy. Where points, 
like Bj are to be found, by the crossing of arcs, or of straight 
lines, we should endeavor to give the lines such a position that 
the point of crossing can be distinctly made out, and accu- 
rately marked; and this will, in all cases, be effected by 
avoiding to place the lines in a very oblique position to each 
other. 

A farther point to secure accuracy of construction is to 
obtain means of proof, or verification. In the construction 
just made, the point d will serve as a means of verification ; 
for the perpendicular, if prolonged below A, should pass 
accurately through the point d if the construction is correct. 

iVo6. 7. (PI. 11. Fig. 19.) From a point, at or near the 
extremity of a given line, to construct a perpendicular to the line. 

Let CI) be the line, and A the point. . 

In this case the distance A C being too short to use it as in 
the last Prob,, and there not being room to extend the line 
beyond CJ a different process must be used. 

1st. Mark any point as a above (72?, and between A and 
D. 

2d. Place the foot of the dividers at a, and open the legs 
until the pencil point is brought accurately on A ; then 
describe an arc to cross CD at 6, and produce it firom A so 
&r above it that a straight line drawn through b and a will 
cross the arc above A. 

8d. Mark the point ^, and with the ruler and pencil draw 
a straight line through a and &, and prolong it to cross th« 
arc at B, 
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4th. Maxk the point B; and with the ruler and pencil dra^ 
a line through A and B, This will be the required perpen 
dicular. 

Prch. 8 (PI. II. Fig. 18.) From a given pointy above or 
below a given line, to draw a perpendicular to the line. 
Let CD be the given line, and B the given point. 
1st. Take any opening of the dividers with the pencil 
point, and placing the steel point at B describe two small arcs, 
crossing CD at b and c ; and mark carefully these points. 

2d. Without changing the opening of the dividers, place 
the steel points successively at b and c, from which describe 
two arcs below CD, and mark the point d where they cross. 

3d. With the pencil and ruler draw a line through Bd. 
This is the required perpendicular. 

Remark, The distance Be, taken to describe the first arcs, 
should as nearly as the eye can judge be equal to that be 
beiwecL them, unless the given point is very near the given 
line. 

Verification. If the construction is accurate, the distance 
A b will be found equal io Ac ; and A B equal to A d. 

Prob. 9. (PI. II. Fig. 19.) To construct the perpendicular 
when the point is nearly over the end of the given line. 
Let B be the given point, and CD the given line. 
1st. Take off any equal number of equal distances from the 
scale with the dividers and pencil point. 

2d. Place the steel point at B, and, with the distance 
taken off, describe an arc to cross CD at b; and mork the 
I>oint 6. 

3d. Draw a line through B b. 

4th. Take off half the distance B b, and set it off from eitlier 
B, or b to a, and mark the point a. 

5th. Place the steel point of the dividers at a, and stretch- 
ing the pencil point to b, or B, describe an arc to cross C D at 
A, and mark the point A. 

6th. Draw a line through A and B. This is the required 
perpendicular. 

Verification. Produce B A below D, and set off J. J 
equal to A B; if the construction is accurate b d will be found 
equal to jB &. 
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Pn)b.lO (PL H Figs. 18, 19.) Ihm a gk/mfomi^^ 
Une to set off a point at a given diskmrn abom ot Mmr Ai 

Let A be the given point on the line CD. 

1st By Prob. 6, or 7, according to the po8ifti<m of A^ wo* 
stroct a perpendicular at ^i to CD. 

2d. Take off the given distance and set it off fifom^ along 
the perpendicular, according as the point is requiied above or 
below the line. 

Remark. If the point may be set o£^ at pleaauiei above or 
below CDj we may either construct a perpendicular at plea> 
sure, and set off the point as just described, or we may take 
the following method, which is more convenient and expedi* 
tious, and, with a little practice, will be found aa aocorate 
as either cf the preceding. 

Take off the given distance in the dividers. Thenplaoo 
one foot of the dividers upon the paper, and describing' an 
arc lightly with the other, notice whether it just toucheii^ 
crosses, or does not reach the given line. If it crosses^ the 
position taken for the point is too near the line, and the fix>t 
of the dividers must be shifted farther off; if the arc does not 
]neet the line the foot of the dividers must be brought nearer 
to the line. If the arc just touches the line the point where 
the stationary foot of the dividers is placed being marked 
will be a point at the required distance from the given 
line. 

Verification. The correctness of this method may be 
verified by describing from a point set off by either xrf the 
other methods an arc with the given distance, which will be 
found just to touch the given line. 

Prcb. 11. (PI. II. Fig. 20.) Through a given poini to tbram 
a line parallel to a given line. 

Let A be the given point ; CD the given line. 

1st. Place one foot of the dividers at JL, and bring the 
other foot in a position such that it will describe an arc that 
shall just touch CD at b. 

2d. Without changing the opening of the dividers plaoe 
one foot at a point B, near the other end of CD, so that the 
arc described with this opening will just touch the line at d 




PB0BLEU3 OF STBAIQHT LINES. 41 






8d. Having marked the point B, draw through A B o. line. 

will be the required parallel. 
Verification. Having constructed the two perpesdicalan 

6, and Be, to CD_ the distance ic will be found equal 
to j4 -S if the construction is accurate. 

pTob. 12. (PI. II. Fig. 20.) To draw at a given distanet 
/rom a given line a parallel to Ike line. 

Let CD be the given line. 

1st. Take off in the dividers the given diataoee at which 
the parallel line is to be drawn. 

2d. Find, by either of the preceding methods, a point A, 
near one end of OD, and a point B near the other, &t the 
given distance from CD. 

3d, Having marked these points draw a line through them. 

lis is the required paralleL 

Verijkatiim. The same proof may be used for this as in 
Prob. n. 

Prob. 13. (PI. II. Fig. 21.) ?b transfer on angle ; or, from a 
point,on a given line, lodrawa line which shali make vjiththe given 
line an angle equal to one between two other lines on the drawing. 

Let the given angle to be transferred be the one bae 
between the lines a b and a c. Let D Uh^ the given line, and 
A the point, at which a line is to be so drawn as to make 
with DE &xi angle at A equal to the given angle. 

1st. With the dividers and pencil point describe, from a, 
with any opening, an arc, and mark the points b and c, where 
it crosses the lines containing the angle. 

3d. Without changing this opening, shift the foot of the 
dividers to A, and describe from thence an arc as nearly » 
the eye can judge somewhat greater than the one be, and 
mark the point B where it crosses D E. 

3d. Place the foot of the dividers at 6, and extend the 
pencil point to c. 

4th. Shift the foot of the dividers to B, and, with the same 
opening, describe a small arc to cross the first at C. 

5th. Having marked the point C, draw a line through 
A C. This line will make with D E the required angle. 

PrtA. 14. (PI. U. Fig. 22.) From a point of a given line, 
1o draw a line making an angle of 60° with the given line. 
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Lot DHhethe given Jine^ and A the given pomt 

1st Take any distance in the dividers and penoil poiQt^ and 
act it off from Ato R 

2d From A and B^ with the same opening, deaoribe an 
arc, and mark the point where the aros cross. 

8d. Draw a line through A 0. This line will make with 
the given one the required angle of 60^. 

Prob. 15. (PI. 11. Fig. 22.) From a paint an agivtn Uneh 
draw a line making an angle af4!S^ tvith it 

Let ^ be the given point on the line D E. 

1st Set off any distance Ba^ along D E^ from B. 

2d. Construct by Prab. 6 a perpendicular to DE$ii a. 

3d. Set off on this peipendicular a c equal to a ^. 

4th. Having marked the point c, draw through J3e a line. 
This will make with D E the required angle of 45®. 

Prob. 16. (PI. II. Fig. 23.) To divide a given angle mto 
two equal parts. 

Let BA Che the given angle. 

1st. With any opening of the dividers and penoil pdmt^ 
describe an arc from the point A^ and mark the points b 
and c, where it crosses the sides A B and A ot the 
angle. 

2i Without changing the opening of the dividers, deaoribe 
from b and c an arc, and mark the point D where the aicfe 
cross. 

8d. Draw a line through A D, This line will divide the 
given angle into equal parts. 

Verification. If we ^aw a line through 6 c, and mark the 
point d where it crosses AD; the distance b d will be found 
equal to d c, and the line b c perpendicular to J. 2>, if tlie 
construction is accurate. 

Remarks. Should it be found that the point of crossing at 
D of the arcs described from b and c is not well defined, 
owing to the obliquity of the arcs, a shorter or longer dis- 
tance than A b may be taken with which to describe them, 
without making any change in the points b and c first set 

off: 

Prob. 17. (PI. IL Fig. 24.) To find the line which wttl 
^%vide into two equal parts the angle contained bekoeen twe 
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1 the a-nguloT point, or point nf Ttieedng of th* 



, fHwn iinet 

two lines, • 

Let A B and CD be the two given linea. 

IbI. By Prob. 10 set off a point at b at any distance taken 
at pleasure from A B, and by Prob. 11 draw througli thia 
point a line parallel to A B. 

2d. Set off a point d at the same distance from Z^ C as i is 
from A B, and draw througli it a parallel to B C ; and mark 
the point c where these parallel lines cross. 

3d. Divide the angle bed between the two parallels into 
two equal parts, by Prob. 16. The dividing line c a will also 
divide into two equal parts the angle between the given 
lines. 

Venjication. If from any point, as o, on the line e a, a 
perpendicular ora be drawn to A B, and another on to CD, 
these two perpendiculars will be found equal if the constrac- 
a is accurate. 
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Prob. 18. (PI. II. Fig. 25.) Through two given poinU to 
arc of a circle with a given radius. 

Let B and C be the two points. 

1st, Take off the given distance in tlie dividers and pencil 
point, and with it describe an arc from B and G respectively, 
and mark the point A where the sires cross. 

2d, Without changing the opening of the dividers, describe 
an arc from the point A through B and G, which will be the 
one required. 

Proi. 19. (PI. IL Fig. 26.) To find the centre of a circle, or 
arc, the circumference of which can be described through thnx 
given points, and to describe it. 

Let A, B, and Cbe the three given points 

Ist. Take off the distance B A between the intermediate 
point and one of the exterior points, as A, with the dividers 
and pencil point, and with this opening describe two ira 
fnin; B, on either side of B A. 
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2d. With the same opening describe from A two like tox^ 
and mark the points a and b where these cross the two 
described fix>m R 

8d Draw a line through a b. 

4tlL With the distance J? £7 in the dividers describe, from 
B and 0, arcs as in the preceding case, and mark the points 
e and d where these cross ; and then draw a line through c d. 

Sth. Having marked the point where the t^o lines thus 
drawn cross, place the steel point of the dividers at 0, and 
extending the pencil point to A^ or either of the three given 
points, describe an arc, or a complete circle, with this opening 
This will be the required arc or circle. 

Verijicatum, The fact that the arc or circle is found to 
pass accurately through the three points is the best proof of 
the correctness of the operations. 

P^. 20. (PI. II. Fig. 26.) At a point on an arc or the 
circmr^erence of a circle to construct a tangent to the arc or the 
circle. 

Let D be the given point and the centre of the circle. 

1st. Draw through I) a radius 1), and prolong it outwards 
from the arc. 

2d. At D construct by Prob. 6 a perpendicular ED F\x} 
D. This is the required tangent. 

If the centre of the arc or the circle is not given, proceed 
as follows : — 

1st. With any convenient opening in the dividers and 
pencil point (Fig. 26) set off from D the same arc OQ each 
side of it, and mark the points A and B, 

2d. Takfe off the distance A B and describe with it arcs 
from A and B on each side of the given arc, and mark the 
points a and b where they cross. 

3d. Draw a line through a b. 

4:th. Construct a perpendicular to a J at D. This is the 
required tangent 

Verijication. Having set off from D the same distance on 
each side of it along a b, and having set off also any distance 
from J) along UF^ the distance from this last point to the otli^ 
two set off on a, b will be found equal, if the construction il 
iccurate. 
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Semarks. It sometimes happens that the point to which a 
taogent is required is so uear the extremity of the arc, as at 
A, or C, that the method last explained cannot be applied. 
lo aiich a case we must first find the centre of the are, or 
cirele, which will be done by marking two other points, as B 
and A, on the arc, and by Prob. 19 finding the centre of 
the cirele of which this arc is a portion of the circuinference. 
Having thus found the centre, the tangent at C wiU be ooa- 
Btructed by the first method in this Prob. 

Prob. 21. (PI. II. Fig. 27.) At a given point m ike cir- 
cumference of a given circle, to construct a circle, or arc, of a 
given radius tangent to the given circle. 

Let B be the given point, and D the centre, which is either 
given, or has been found by Prob. 19, 

1st. Through DB draw the radius, which extend oatwarda 
if the centres of the required circle and of the given one are 
to lie on opposite aides of a tangent line to the first circle at 
B ; or, in the contrary case, extend it, if requisite, fi'om D in 
the opposite direction. 

2d. From B set off along this line the length of the given 
radius of the required circle to C, or to A. 

3d. From C, or A, with the distance CB, or AB, describe a 
circle. This is the one required. 

Prob. 22. {PI. II. Fig. 28.) 'From a given point without a 
given circle, to draw two tangents to tite circle. 

Let A be the centre of the given circle, and B the given 
point. 

1st. Through AB draw a line. 

2d. Divide the distance AB into two equal part» by 
Prob. 5. 

Sd. From C, with the radius CA, describe an arc, and mart 
the points D, and E, where it crosses the ciroumference of the 
given circle. 

4th. From B draw lines through D and E, These lines 
are the required tangents. 

Verification. If lines are drawn fi'om A, to D and E, they 
will be found perpendicular respectively to the tangents, if 
the construction is accurate. 

Remark. In this Prob., as in most geometrical construe 
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lions, many of the Hues of construclioit need not be actually 
drawn, either in whole, or in part In this case, for example, 
I small portion of the line A — B, at its middle point, ia alone 
neoeesary to detennine this point In like manner, the points 
£ and £ could have been marked, without describing the arc 
actually, but by simply dotting the points required. In thia 
ntanner, a draftsman, by a skilful selection of his lines of 
construction, and using only such of them, in whole, or Id 
part, as are indispensably requisite for the solution, may, in 
complicated constructions, avoid confusion from the intersec- 
tion of a rvultiplicity of lines of construction, and abridge his 
labor. 

Prob. 23. (PI. II, Fig. 29.) To draw a tangent to two giver, 
circles. 

Let A be the centre of one of the circles, and AC lis radius ; 
B the centre, and BE the radius of the other, 

1st, Through AB draw a line. 

2d. From Cset off CD equal to BE. 

3d. From A, with the radius AD, equal to the diifureuce 
between the radii of the given circles, describe a circle. 

4th. From 5 by Prob. 22 draw a tangent BO to this last 
cirde, and through the tangential point D, a radius J. (7 to the 
given circle. 

6th. Through C draw a "line parallel to BD. Thi£ line 
will touch the other given circle, and is the required tangent 

Yerijicatvm. CE will be found equal to BD, if the con- 
liiiuction is accurate. 

Prob. 24. (PI. II. Fig. 30.) Having (wo Unes thai make an 
angle, to conttmcl vnOiin Gie angle, a circle witk a given raditu 
tangent to the two given lines. 

Let AB and AC be the two given lines contaimng the 
angle. 

Ist. By Prd). 16 construct the line AD which dii^incs the 
given angle into two equal parts. 

2d. By Proh. 10 set off a point & at a distance from AB 
equal to the given radius, and throui^h this point draw the 
line ab parallel to AB, and mark the point a where it crossea 
AD. 




8d. From a, with the given radius, describe a carolfi. Thi* 
IB the one required. 

Verijicacwn. The distances A^, and Ad. will be found 
equal, if the construction is acc\irate. 

Prob. 26. (PI. II. Fig. 31.) Having tioo lines containing 
an angle, and a given, radius of a circle, lo construct^ as tn tht 
last case, this circle tangent to the two lines ; and then lo constnttu 
another circle which shall be tangent to Ote last and also to the 

Let AB and CD be the two lines, the point of meeting of 
which is not on the drawing. 

lat. By Proli. 17 tiud the line SFihat equally divides tha 
angle between i,he lines, 

2d. By P7vl/. 24 consirucl the circle, with the given radiiis 
ao, tangent to these ti\ij lines, 

3d. At i, where £F crosses the circumference, draw by 
Prob. 20 a tangent to the circle, and mark the point d where 
It crosses AB. 

4th. From d, set oS de equal to db, and mark the 
I'ointe. 

5th. At e construct by Prob. 6 a perpendicular ef, to AB, 
and mark the point _^ where it crosses FF. 

6th. From_^ with the radius _^, describe a circle. This is 
tangent to the first circle, and to the two given lines. 

Remark. In like manner a third circle might be con- 
airucted tangent to the second and to the two given lines ; 
and so on as many in succession as may be wanted. 

Prd). 26. (PI. Ill, Fig, 32,) Raving a circle and right Unt 
ytiiew, io construct a circle of a given radius which shall be tangent 
(o the given circle and right line. 

T.et C be the centre of the given circle, and AB the given 
line. 

1st By /Vo6. 12 draw a line parallel to AB, and at a 
distance BO from it, equal to the given radius. 

2d Draw a radius CD through any point J) of the given 
;ircle, and prolong it outwards. 

3d. From D set oif, along the radius, a distance i),^ equal 
ft HG, or the given radius. 

lith. FroDi 0. witli the distance 6'A', describe an arc 
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one at a; and with ae describe a drcle. Tliis is the one 
required. 

Prob. 29. (PI. in. Fig. So.) Having two circles, to conetnun 
a third which ahaU be tangent to one of them at a given jwnt, 
and also touch the other. 

Let Cand B be the centres of the two given eirclea ; and 
D the given point on one of them, at which the required 
circle is to be tangent to it 

1st Through CD draw a line, which prolong eacH way 
from C and D. 

2d. From D set off towards C the distance DA equal to the 
radius 5^ of the other given circle. 

3d. Through AB draw a line, and by Probs. 5 and 6, bbect 
AB by the perpendicular OB. 

4th. Mark the point B, where the perpendicular crosses 
the line CD prolonged ; and with the distance ED describe a 
circle from E. This is the one required. 

Prob. 30. (PI. in. Fig. 36.) Havijig a given distance, or 
line, and the perpendicular which bisects it, to construct three 
arcs of circles, the radii of two of which shall be equal, and of a 
given length, and their centres on the given linx ; and the third 
shali pass through a given point on the perpendicular and be 
tangent to the other two circles. 

Let AB be the given line, and D the given point ou the 
perpendicular to AB through its middle point C; and let the 
;listance CD be less than A C, the half of AB. 

Ist Take any distance, leas than CD, and set it off from A 
and B,tob and e, and mark these two points for the centres 
of the two arcs of the equal given radii less than CD. 

2d. Set off from D the distance Dc equal to Ab, and through 
be draw a line. 

3d. Bisect 6c by a perpendicular, by Probs. 5 and 6, and 
mark the point d where it crosses the perpendicular to AB 
prolonged below it, the point d is the centre of the third arc. 

4th. Draw a line through db, and prolong it ; and also one 
through de which prolong. 

K5th. From h, with the distance I A, describe an arc from A 
M on the line di) prolonged; and one, from the othei 
ntre e, from B to n on the line de prolonged. 
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8tli. Through a, and the point/, where 6c croBses the per- 
pendicular BA prolonged, draw a line. 

9th. From a, set off ae equal to be, 

lOth. From a and e, with radii respectively equal to 6 C, and 
cB, describe arcs. These are the others required ; and CBD 
ihe required curve. 

Etnnurk. If the cocstruetion is accurate, the perpendicular 
through B^ >viii Diaect Lne .iistance ec. 

This curve is termed a /our cen^v dtuse or pointed curve, 
according as the distance AB is less or greater than A 0. 

Prob. 32. (PI. IIL Fig. 38.) Having a line, and the per- 
pendicular which bisects it, and a given point on the perpen- 
dicular ; to construct a curve formed of five arcs of circles, the 
consecutive arcs to be tangent ; the centres of tim of the arcs to be 
on the given line, and at equal distances from its extremities ; ihe 
radii of the two arcs, respectively tangent to these boo, to be equal, 
and of a given, length ; and the centre of the fifth ore, which is 
to he tangent to these two last, to lie on the given perpen 
dicular. 

Let AB be the given line, and U the point on ita bisecting 
perpendicular LC. 

1st. Take any distance, less than. LC, and set it off from B 
to D, and from A tof. 

2d, From Cset off CG equal to BD, and draw a line from 
ff toZJ. 

3d. Bisect the distance DQ by a perpendicular ; and mark 
the point U, where this perpendicular crosses the perpen- 
dicular iC prolonged. 

4th, Draw a line from E to B. 

5th. Take any distance, less than CE, equal to the given 
radius of the second arc, and set it off from C to F. 

6th. Through i^draw a line /"ff parallel to AB. 

7th. Take off GF, the difference between OF and CO, and 
with it describe an arc from I) ; and mark the points a and 6 
where it crosses the lines DE and FS. 

8tii, Take any point c on this arc, between the points a 
and b, and draw from it a line to i^, 

9th. Bisect the line cF by a perpendicular, and mark the 
p-tidt 'where it cnn-ii?!; the perpendicular CL prolonged. f 

1. \i 
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tt 5, and J9, and a parallel to AB through a i)oint c, taken 
on the first perpendicular, at a distance from B less than the 
half of 5i. 

2d. Set oif from c a distance ca equal to cB ; and on €Ui 
and Dd describe the quarter oval by Prcb, 82. 

Sd. Prolong the fii*st arc from a to jB, which will complete 
the required curve. 

Remark, This curve is termed a scoUa of three centres. 

Proh, 85. (PI. III. Fig. 41.) Having two parallels and a 
given point on each^ to construct two equal arcs which shall he 
tangent to each other and respectively tangent to theparaUek ai 
the given points. 

Let AB and CD be the two parallels ; B and D the given 
points. 

1st. Draw a line through BD^ and bisect the distance 
BR 

2d. Bisect each half BB, and BD by perpendiculars. 

3d. From J5, and D draw perpendiculars to AB and C2), 
and mark the points a, and 6, where they cross the bisecting 
perpendiculars. 

4th, From a, with the distance aU, describe an arc to J5; 
and from i, with the same distance, an arc JEZ>. These are 
the required arcs. 

Prob, 36. (PL III. Fig. 42.) Having two parallels^ and a 
point on each, to construct two equal arcs which shall be tangent 
to each oilier, have their centres respectively on the parallels, 
and pass through the given points. 

Let AB and CD be the parallels, B and D the given 
points. 

1st. Join BD by a line and bisect it 

2d. Bisect each half BE, and HD by a perpendicular ; and 
mark the points a and i, where the perpendiculars cross the 
parallels. 

8d. From a, with clS, describe the arc BJE; and from h^ 
with the same distance, the arc DH. These are the reqnind 
trak 
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1st. Draw a line, and set off AB upon it 

2d CoDstnict at J. an angle equal to the given one b} 
Prob. 13. 

Sd. Set off) along the side of this angle, from A^ the othei 
given line A C\ 

4th. From (7, with the distance AB describe an arc, and 
from B with the distance A C describe another arc. 

5th. From the point i>, where the arcs cross, draw lines to 
C7, and B. The figure ABDCis the one required 

Prob. 40. (PI. in. Fig. 46.) To circumscribe a given triangle 
by a circle. 

Let ABC be the given triangle. 

As the circumference of the required circle must be 
described through the three given points A, B and C?, it§ 
centre and radius will be found precisely as in Prob. 19. 

Prob. 41. (PI. m. Fig. 47.) In a given triangle to inscribe 
a circle. 

Let ABC be the given triangle. 

Ist By Prob. 16 construct the lines bisecting the angles A, 
and C ; and mark the point D where these lines cross. 

2d. From D by Prob. 8 construct a perpendicular DE^ to 
AC. 

8d. From i>, with the distance DE^ describe a circle. Thi« 
IS the one required. 

Prob. 42. (PI. IV. Fig. 48.) In a given circle to inscribe a 
square. 

Let be the centre of the given circle. 

1st. Through draw a diameter AB^ and a second dia- 
meter CD perpendicular to it. 

2d. Draw the lines AC, CB, BD, and DA. The figure 
ADBC is the one required. 

Prob. 43. (PI. IV. Fig. 48.) In a given circle to inscribe a 
regular octagon. 

1st. Having inscribed a square in the circle bisect each of 
its sides ; and through the bisecting points and the centre 
draw radii 

2d. Draw lines from the points c£, i, a, c, where these radii 
meet the circumference, to the adjacent points i?, -4, &c. Tha 
figure dAbC &c. is the oue required. 
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tions, many of the Hues of construction need not be actuallj 
drawn, either in whole, or in part. In this case, for example, 
a small portion of the line A — B, at its middle point, is alone 
necessary to detennine this point In like manner, the points 
L and £ could have been naarked, without describing the arc 
actually, but by simply dotting the points required. In this 
manner, a draftsman, by a skilful selection of hia lines of 
construction, and using only such of them, in whole, or in 
part, as are indispensably requisite for the solution, may, in 
complicated constructions, avoid confusion from the intersec- 
tion of a multiplicity of lines of construction, and abridge his 
labor. 

Prob. 23. (PI. H. Fig. 29.) To draw a tangent to two giver, 
circles. 

Letjl be the centre of one of the circles, and ^Cits radius; 
5 the centre, and BE the radius of the other. 

1st. Through AB draw a line. 

2d. From C set oif CD equal to BE. 

3d. From A, with the radius AI), equal to the difF<;rence 
between the radii of the given circles, describe a circle, 

4tb. From B by Prob. 22 draw a tangent BD to this last 
circle, and through the tangential point D, a radius AC to the 
given circle. 

5th. Through C draw a "line parallel to BD. This line 
will touch the other given circle, and is the required tangent. 
Verijicatwn. CE will be found equal to BD, if the con- 
liuuction is accurate. 

Prob. 24. (PI. II. Fig. SO.) Having two lines that make an 
angle, to construct vnthin the angle, a drcU with a given raditis 
tangent to the ttvo given lines. 

XiSt AB and AC he the two given lines contaimng the 
angle. 

Ist. By Prob. 16 construct the line AD which di^iops tbo 
given angle into two equal parts. 

2d. By Prob. 10 set off a point 5 at a distance from AB 
equal to the given radiua, and throu/^li tliis point draw the 
line ab parallel to AB, and mark the point a where it e 
AD. 
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Sd. From a, with the given radiua, describe a circlfi. Thit 

IS the one required. 

Verijicanori. The distances Ac, and Ad. will be found 
equal, if the construciion is accurate. 

Prob. 25, (PI. II. Fig. 31.) Having two lines containing 
an angle, and a given radius of a circle, to construct, as in the 
last case, this circle tangent to the two lines ; and then lo constnujt 
a7.oth»r circle which shall be tangent to Oie la^t and also to the 

Let AB and CD be the two linea, the point of meeting of 
which is not ou the drawing. 

Ist, By Prob. 17 fiud the line EF that equally divides the 
angle between ihe lines. 

2d. By ProL 24 conMtrucl the circle, with the given radiua 
a--, tangent to these iw^j lines, 

3d. At b, where £F crosses tlio circumference, draw by 
Prob. 20 a tangent to the circle, and mark the point d where 
It crosses AB. 

4th. From d, set oS de equal to db, and mark the 
I'oint e. 

5th, At e construct by Prob. 6 a perpendicular ef, to AB^ 
and mark the point/ where it crossea FF. 

6th. From/ with the radiua _/e, describe a circle. This is 
tangent to the first circle, and to the two given lines. 

Bemark. In like manner a third circle might be con- 
siructed tangent to the second and to the two given lines ; 
and so on as many in sucf;ession aa may be wanted. 

Prob. 26. (PI. in. Fig. 32.) Raving a circle and right Une 
given, to construct a circle of a given radim which shall be tangent 
to the given circle and right line. 

Let C be the centre of the given circle, and AB the given 
line. 

1st By Prob. 12 draw a line parallel to AB, and at a 
distance Bff from it, equal to the given radius. 

2d. Draw a radius CD through any point D of the giveii 
;ircle, and prolong it outwards. 

3J. From D set off, .along the radius, a distance Z^f equal 
"6, or the given radius. 

KroBi C. with the disiauoe OF, describe an arc 
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md mark the point F vhere it crosses the line parallel to 
AR 

6th. From the point F, with the given radius describe a 
circle. This is the one required. 

RemarJa. If the construction ia accurate a line drawn fem 
Fxo Cwi!! pass through the point where the circleB touch, 
mod one drawn from ^perpendicular to AB will pass through 
lh« point where the circle touches the Hue. 

If from the centre 0, a perpendicular is drawn to AB, and 
the points a, b and d where the perpendicular crosses the line 
and the given circle are marked, it will be found that the 
given radius cannot be less than one half of ab nor greater 
than one half of ad. 

Prob. 27. (PI. III. Fig. 33.) Having a circle and right line 
given, to amslruct a drcle which shall be taiigcnt to the given 
etTvle at a given point, aiid also lo the line. 

Let Cbe the centre of the given circle, D the given point 
on its circumference, and AB the given line, 

1st By Prob. 20 construct a tangent to the given circle at 
the point D; prolong it to cross the given line, and mark the 
point A where it crosses. 

2d. By Prob. 16 construct the line AE which bisects the 
angle between the tangent and the given line. 

3d. Through CD draw a radius, and prolong it to cross the 
bisecting line at E. 

4th. Mark the point E, and with the distance ED describe 
ft circle. This is the required circle. 

iW». 28. (PI. III. Fig. 34.) Having a circle and right line, 
b construct a circle whicJi shall be tangent to the given circle, and 
oho to the line at a given point on it. 

Let Cbe the centre of the given circle; AB the given line, 
and a the given point on it. 

1st By /Vo6. 6 construct a perpendicular at a to the given 
line. 

2d. From a set off oi equal to the radius (M of the given 
eiicle. 

3d. Draw a line through bC, and by Prob. 6 bisect the 
distance bC by a perpendicular to the line bO. 

4th. Mark the point c, where this perpendicular crosses the 
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' me at a; and with im describe a circle. This is the one 
req aired. 

Prob. 29. (PI. m. Fig, 35.) Saving aoo drclea, to cominun 
a third which shall be tangent to one of them at a given pointy 
and also touch die other. 

Let C and B be the centres of the two given circles ; and 
D the given point on one of them, at which the required 
circle is to be tangent to it. 

Ist, Tlirough CO draw a line, which prolong each way 
from and D. 

2d. From D set off towards G the distance DA equal to the 
radius 5^ of the other given circle. 

3d. Through AB drawa line, and by Probs, 5 and 8, bisect 
AB by the perpendicular OB. 

4th. Mark the point B, where the perpendicular crosses 
the line CO prolonged ; and with the distance UD describe a 
circle from K This is the one required. 

Prob. 30, {PI. III. Fig. 36.) Having a given distance, or 
line, and the perpendicular which bisects it, to construct three 
arcs of circles, the radii of two of which shall be equal, and of a 
given length, and their centres on the given line ; and the third 
shall pass through a given point on the perpendicular and be 
tangent to the other two circles. 

Let AB be the given line, and J) the given point oo the 
perpendicular to AB through its middle point G; and let the 
distance CD be less than AG, the half of jIS, 

Ist. Take any distance, less than GD, and set it off from A 
and j9, to 5 and e, and mark these two points for the centres 
of the two arcs of the equal given radii less than CD. 

2d. Set off from D the distance Dc equal to Ab, and through 
he draw a line. 

Sd. Bisect be by a perpendicular, by Prd)s. 5 and 6, and 
mark the point d where it crosses the perpendicular to AB 
prolonged below it, the point d is the centre of the third arc 

4th. Draw a line through db, and prolong it ; and also one 
through de which prolong. 

6th. From b, with the distance hA, describe an arc fi-om A 
lo m on the line dh prolonged ; and one, from the other 
•eotre e, from 5 to -^ on the line de prolonged. 
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9th. From d, with tbe distance dD, describe an arc around 
lo the two lines db, and de prolonged. This is the third aro 
required, and touches the other two where they oroM the 
lines db and de prolonged at m and n. 

Remark. This curve is termed a Tudfcvali or a ik^ eent.t 
cfirve. The other half of the curve, on the other sideNof ^JS^ 
can be drawn by setting off a distance Ogi equal to Ud^ and 
by continuing the arcs described from b and e around to lines 
drawn from g, through b and e; and by connecting these arcs 
by another described from g, with a radius equal to Dd, 

Prob. 81. (PI. m. Fig. 87.) Having a given Une and the 
perpendicular that bisects it; also two lines drawn through a 
given pointy on the perpendicular^ and each waking the aamvs 
angle tuith it; to construct a curve formed of four arcs of circles, 
two of these arcs to have equal given radii, and ihdr centres to Ui 
on the given line, and at equal distances from its extremiiies ; each 
of the other arcs to have equal radii, and to be tangent respec- 
tively to one of the given lines where it crosses the perpendicular 
and also to one of the first arcs. 

Let CD be the given line ; B the given point on the bisect- 
ing perpendicular; and Bm, Bn, the two lines, drawn 
through JS, making the same angle with the perpendicular. 

1st. From C and D, set off the same distance to b and a, fbr 
the given radii of the two first ares ; which distance must^ 
'm, all cases, be taken less than the perpendicular distance from 
'he point b OT a, to one of the given lines through B. 

2d. At B draw a perpendicular to the line Bm, 

8d. Set off firom JS, along this perpendicular, a distance Bd 
dqual Cb, 

4th. Draw a line through bd, and bisect this distance by a 
perpendicular. 

5th. Having marked the point c, where this last peipem- 
dicular crosses the one at B, draw through cb a line, and 
prolong it beyond b. 

6th. From 6, with the distance bC, describe an arc, which 
prolong to the line through be ; this is one of the first requizad ' 
arcs. 

7th. From c, with a distance cB, describe an arc Thk ii* 
one of the second required arcs. 
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8th. Through a, and the point/, where be crosses the per^ 
pendictdar BA prolonged, draw a line. 

9th. From a, set off ae equal to be, 

10th. From a and e, with radii respectively equal to bC, and 
cB, describe area. These are the othera required; and CBD 
ttie required curve, 

RemuTk. If the construction ia accurate, the perpendicular 
through 3a mii oisect ine .iistance ec. 

Thia curve is termed a four centre obtuse or pointed curve, 
according as the distance AB b less or greater than A G. 

Prob. 32. (PI. IIL Fig. 38.) Having a line, and the per- 
pendicular which bisects it, and a given point on the perpen- 
dicular; to construct a curve formed of five arcs ofdrdes, the 
consecutive arcs ta be tangent; the centres of two of the arcs to be 
on the given, line, and at equal distances from its extremities; the 
radii of tJie two arcs, respectively tangent to these ttvo, to be equal, 
and of a given length ; and the centre of the fifth arc, which ia 
to be tangent to these two last, to lie on the given perpen 
dwular. 

Let AB be the given line, and C the point on its bisectiog 
perpendicular L C. 

1st Take any distance, less than LC, and set it oflF from B 
to D, and from A to/ 

2d. From Cset off CO equal to BD, and draw a line from 
Q\aD. 

3d. Bisect the distance DQ by a perpendicular ; and mark 
the point E. where this perpendicular crosses the perpen- 
dicular iCprolonged. 

4th. Draw a line from E to D. 

5th. Take any distance, less tlian GE, equal to the given 
radius of the second arc, and set it off from C to F. 

6th. Through Fdraw a line /"S^ parallel to AB. 

7th. Take off GF, the difference between GF and GG, and 
with it describe an arc from D ; and mark the points a and ft 
where it crosses the lines DE and FH. 

8tu. Take any point c on this arc, between thu points a 
and i, and draw from it a line to F. 

9th. Bisect the line tF by a perpendicular, and mark the 
p>>iiit ^ where it erni-Ji^^ the perpendicular CL prolonged. 
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10th. From c draw a line through D and prolong it ; a&d 
another from /prolonged throagh c; 

lltL From c draw a perpendicular to CI ; and from j, 
where it crosses CI, set off dg equal to cd^ and mark the 
point g. 

12th. From /draw a line through ^ and prolong it; and 
one fix)m g prolonged through/ 

18. From J) and/ with the distance BD, describe the arcs 
Bm, and Ap ; from c and g^ with the distance em^ or gp, 
describe the arcs mn, and^; and fix>m / with the distance 
/C, describe the arc no. The curve BCA is the one 
required. 

Remarks. This curve is also termed a semi oval; and, 
from the number of arcs of which it is composed, a curve oj 
five centres, 

Prch. 33. (PI. III. Fig. 89.) Having two paraUel Unes, to 
eon8irv.ct a curve of three centres which shail be tangent to the two 
parallels at their extremities. 

Let AB and CD be the given parallels ; and B and D the 
points at which the required curve is to be drawn tangent. 

1st From B construct a perpendicular to J.JB, and mark 
the point h where it crosses CD; and also a perpendicular at 
Z^to CD. 

2d. From B^ set off any distance Be less than the haJf of 
Bb; and through c draw a line parallel to AB, and mark the 
point d where it crosses the perpendicular to CD, 

3d. From c, set off, along cd prolonged, the distance ea 
equal to cB, 

4th. Taking ca, as the radius of the first arc, construct a 
quarter oval by Prob. 30 through the points a and D, 

6th. Prolong the arc described from o to the point B. The 
curve BaD is the one required. 

Befnark. This curve is termed a scotia of two centres. 

Prob, 34. (PI. m. Fig. 40.) Having tivo parallels, to eon- 
struct a quarter of x curve of five centres tangent to them at their 
exttefMites* 

Let AB and CD be the given parallels, and B and D theiz 
extremities. 

1st. Proceed, as in the last case, to draw the perpendicnlan 
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•t S, and D, aud a parallel to AB through a point c, takea 
on the first perpendicular, at a distance from B less than the 
half of 5i. 

2d. Set off from c a distance ca equal to cB; and on orf 
and Dd describe the quarter oval "by Prob. 32. 

3d. Prolong the first arc from a to S, which will complet« 
the required curve. 

Remark. This curve is termed a scotia of three centres. 

Prob. 35. (PI. III. Fig. 41.) Having two parallels and a 
given point on each, to conslruct two equal arcs which shall be 
tangent to each other and respectively tangent to theparaUela at 
the given points. 

Let AB and CD be the two parallels ; B and D the given 
points. 

1st. Draw a line through BD, and bisect the distance 
BD. 

2d. Bisect each half BE, and .ED by perpendiculars. 

8d. From B, and D draw perpendiculars to AB and CD, 
and mark the points a, and h, where they cross the bisecting 
perpendiculars. 

4th. From a, with the distance aE, describe an arc to B; 
and from b, with the same distance, an arc ED, These are 
the required arcs. 

Prob. 36. (P!. III. Fig. 42.) Having two parallels, and a 
point on each, to construct two equal arcs which shall be tangent 
to each ol/ier, have their centres respectively on the parallela, 
and pass through the given points. 

Let AB and CD be the parallels, B and D the given 
points. 

1st. Join BD by a line and bisect it. 

2d. Bisect each half BE, and ED by a perpendicular ; and 
mark the points a and h, where the perpendiculars croes the 
parallels. 

Sd. From a, with aB, describe the arc BE; and from h, 
with the same distance, the arc DE. These are the requifed 
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Construction of Problems of Circles am» 

Eectilineal Figures. 

Pfob.Zl. (PI. in. Fig. 43.) naving the suks of a trkmgh 
to construct Ulc figure. 

Let AC^ BC^ and AB be the lengths of the given sides. 

Ist. Draw a line, and set off upon it the longest side AB. 

2d. From the point .4, with a radius equal to J.C, one ol 
the remaining sides, describe an arc. 

3d. From the point B^ with the third side BC^ describe a 
second arc, and mark the point C where the arcs cross. 

4th. Draw lines from (7, to ^ and B. The figure ACB is 
the one required. 

Remark. The side A C might have been set off from B^ 
and BC from .1 ; this would have given an equal triangle to 
the one constructed, but its vertex would have been placed 
differently. 

Remark. This construction is also used to find the position 
of a point when its distances from two other given points are 
given. We proceed to make the construction in this case 
like the preceding. It will be seen, that the required point 
can take four different positions with respect to the two 
others. Two of them, like the vertex of the triangle, will lie 
on one side of the line joining the given points, and the other 
two on the other side of the line. 

Prob, 38. (PL HI. Fifr. 44.) Having the side of a sfpjuam tfi 
oonstrvjct the figure. 

Let ABh^ the given side. 

1st. Draw a line, and set off AB upon it. 

2d. Construct perpendiculars at A^ and 5, to AB, 

3d. From A and B^ set off the given side on these perpen- 
diculars to C and D ; and draw a line from C \k> D, The 
figure ABCD is the one required. 

Proh. 39. (PL III. Fig. 45.) Having Hie ttvo sides of a 
parallelogram, and the angle contained by them, to construct tfn 
figure. 

Let AB^ and AC he the given sides; and JS the given 
angle. 
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Ist. Draw a line, and set off AB upon it 

2d Construct at A an angle equal to the given one bj 
Prd). 13. 

Sd. Set off, along the side of this angle, from -4, the othei 
given line A C, 

4th. From (7, with the distance AB describe an arc, and 
from B with the distance A C describe another arc. 

5th. From the point i?, where the arcs cross, draw lines to 
CJ and B. The figure ABDCis the one required. 

Prob, 40. (PI. in. Fig. 46.) To circumscribe a given triangb 
by a circle. 

Let ABC be the given triangle. 

As the circumference of the required circle must be 
described through the three given points A, B and £7, its 
centre and radius will be found precisely as in Prob. 19. 

Prob. 41. (PI. ni. Fig. 47.) In a given triangle to inscribe 
a circle. 

Let ABC be the given triangle. 

1st By Prob, 16 construct the lines bisecting the angles J., 
and C; and mark the point D where these lines cross. 

2d. From JD by Prob, 8 construct a perpendicular DJE, to 
AC 

3d. From i?, with the distance DJS, describe a circle. Thia 
IS the one required. 

Prob, 42. (PI. IV. Fig. 48.) In a given circle to inscribe a 
square. 

Let be the centre of the given circle. 

1st. Through draw a diameter ABj and a second dia- 
meter CD perpendicular to it. 

2d. Draw the lines AC, CB, BD, and DA. The figure 
ADBC is the one required. 

Prob. 43. (PI. IV. Fig. 48.) In a given circle to inscribe a 
regular octagon. 

1st. Having inscribed a square in the circle bisect each of 
its sides ; and through the bisecting points and the centre 
draw radii. 

2d. Draw lines from the points d, b, a, c, where these radii 
meet the circumference, to the adjacent points D, A, &c. The 
figure dAbC &c, is the one required. 
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tions, many of the lines of. construction need not be actually 
drawn, either in whole, or in part. In thia case, for example, 
a atnall portion of the line A — B, at its niiddle point, is alone 
necessary to determine this point. In like manner, the points 
L and E could have been nnarked, without describing the arc 
actually, but by simply dotting the points required. In this 
manner, a draftsman, by a skilful selection of his lines of 
construction, and using only such of them, in whole, or in 
part, aa are indispensably requisite for the solution, may, in 
complicated constructions, avoid confusion from the intersec- 
tion of u multiplicity of lines of construction, and abridge his 
labor. 

Prob. 23. (PI. II. Fig. 29.) To draw a tatigent to two given 
circles, 

IjetA be the centre of one of the circles, and AC its radius; 
B the centre, and BE the radius of the other. 

lat. Through AB draw a line. 

2d. From Cset off CD equal to BE. 

3d. From A, with the radius AD, equal to the difference 
between the radii of the given circles, describe a circle. 

4th. From B by Prob. 22 draw a tangent Bli to this last 
circle, and through the tangential point D, a radius AC to the 
given circle. 

6th. Through C draw a "line parallel to BD. This line 
will touch the other given circle, and is the required tangent 
Verification.. CE will be found equal to BD, if the con- 
ijiiuction is accurate. 

Prob. 24. (Pi. II. Fig. SO.) Havirtg two lines that mahi an 
angle, to construct within Oie angle, a circle with a given radiiis 
tangent to the two given lines. 

Let AB and AG he the two given lines oontaining the 
angle. 

1st By I¥ob. 16 construct the line AD which dii'im-s the 
given angle into two equal pans. 

2d, By Prob. 10 set oft a point 6 at a distance from AB 
etjuai to the given radins, and through this point draw the 
line ab parallel to AB, and mark the point a where it crosses 
AD. 
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8d. From a, with the given radius, describe a circln. This 

IS tlie one required. 

Verijicoafm. The distances Ac, and Ad. will bo found 
equal, if the conatruciion is accurate. 

firob, 25. (PI. II. Fig. 31.) Having two lines containing 
an angle, and a given radius of a circle, to construct^ as in l/*e 
last case, this circle tangent to the two lines ; and then to co7istrmjt 
another circle which shall be tangent to tli£ last and also to the 
two lines. 

Let AB and CD be the two lines, the point of meeting of 
which is not on the drawing. 

1st. By Prob. 17 find the line £7^ that equally divides thq 
angle between ihe lines. 

2d. By ProO. 24 construct the circle, with the given radiiut 
a.', tangent to these ti\u lines, 

3d. At b, where £F crosses the circumference, draw by 
Prob. 20 a tangent to the circle, and mark the point d where 
It crosses AB. 

4th, From d, set off de equal to db, and mark the 
fiuint e. 

5th, At e construct by Prob. 6 a perpendicular e/, to AB, 
and mark the point/ where it crosses ^F. 

6th. From/ with the radius fo, describe a circle. This ia 
tangent to the first circle, and to the two given lines. 

Bemark, In like manner a third circle might be con- 
siructed tangent to the second and to the two given lines ; 
and so on as many in suTOession as may be wanted. 

Prob. 26, (PI, III. Fig. 32.) Raving a circle and right line 
yiven, ic construct a circle of a given radius which shall be tangent 
to the given circle and right line. 

T^t (7 be the centre of the ^ven circle, and AB the given 
line. 

1st, By /Voi. 12 draw a line parallel to AB, and at a 
distance BQ from it, equal to the given radius, 

2d. Draw a radius CD through any point D of the given 
circle, and prolong it outwards, 

3d. From D set off, along the radius, a distance Z)^ equal 
'" "■-, or the given radius. 

From 6', with the distance CA' de.'wribe an arc 
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ftnd mark the point F wh«re it crosses the line parsllel to 
AB. 

oth. From the point F, with the given radios describe a 
cirole. This is the one required. 

Remarks. If the construction is accurate a line drawn &om 
Fto C will pass through the point where the circles touch, 
and one drawn from ^perpendicular to AB will pass through 
the point where the circle touches the line. 

If from the centre C, a perpendicular is drawn to AB, and 
the points a, b and d where the perpendicular crosses the line 
and the given circle are marked, it will be found that the 
given radius cannot be less than one half of ah nor greater 
than one half of ad. 

Prob. 27. (PL m. Fig. 33.) Having a circle and fight line 
given, to construct a circle which shall be tangent to the given 
circle at a given point, and also to the line. 

Let Cbe the centre of the given circle, I) the given point 
on its circumference, and AB the given line. 

1st, By /Voi. 20 construct a tangent to the given circle at 
the point B; prolong it to cross the given line, and mark the 
point A where it crosses. 

2d. By Prob. 16 construct the line ^.ff which bisects the 
angle between the tangent and the given line. 

Sd. Through CD draw a radius, and prolong it to cross the 
bisecting line at E. 

4th, Mark the point E, and with the distance EB describe 
a circle. This is the required circle. 

Prob. 28. (PI. III. Fig. 34.) Having a circte and rig/d line, 
to construct a circle which shall be tangent to the given circle, and 
also to the line at a given point on it 

Let Cbe the centre of the given cirole; AB the ^veu line, 
and a the given point on it. 

IsL By Prob. 6 construct a perpendicular at a to the ^ven 
line. 

2d. From a set off ai equal to the radius (M of the given 
circle. 

3d. Draw a line through bC, and by Prob. 5 Useot tlie 
distance bC by a perpendicular to the line bC. 

4th. Mark the point c, where this perpendicular crosses ths 
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Doe at a; and with ac describe a circle. This is the ons 
required. 

PrtA. 29. (PI. III. Fig. 35.) Having tioo circles, to cmutrua 
a third which shall be tangent to one of them at a given potTitf 
and also touch t/ie other. 

Let C and B be the centres of the two given circles ; and 
D the given point on one of them, at which the required 
circle is to be tangent to it. 

Ist. Through CD draw a line, which prolong each way 
from and I). 

2d. From D set off towards the distance I>A equal to the 
radius B^ of the other given circle. 

3d, Through AB draw a line, and by Probs. 5 and 6, bisect 
AB by the perpendicular GM 

4th. Mark the point ^, where the perpendicular crosses 
the line CD prolonged ; and with the distance ED describe a 
circle from E. This is the one required. 

Prob. SO. (Pi, III. Fig. 36.) Having a given distance, or 
line, and the perpendicular which bisects it, to construct three 
arcs of circles, the radii of two of which shall he equal, and of a 
given hngtii, and their centres on the given line ; and the third 
shall pass through a given point on the perpendicular and be 
tangent to the other two circles. 

Let AB be the given line, and D the given point on the 
perpendicular to AB through its middle point C; and let the 
liistance CD be less than A C, the half of AB. 

1st. Take any distance, less than CD, and set it off from A 
and B, to b and e, and mark these two points for the centres 
of the two arcs of the equal given radii less than CD. 

2d. Set off from D the distance Dc equal to Ab, and through 
be draw a line. 

3d- Bisect 6c by a perpendicular, by Probs. 5 and fl, and 
mark the point d where it crosses the perpendicular to AB 
prolonged below it, the point d is the centre of the third arc, 

4th. Draw a line through db, and prolong it ; and also one 
through de which prolong. 

5th. From b, with the distance I A, describe an arc from A 
to f» on the line db prolonged; and one, from the othei 
•Mttre e, from B to i on the line de prolonged. 
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8th. Through a, and ihe point _^ where be croasea the per^ 
pendicular SA prolonged, draw a. line. 

9th. From a, set off ae equal to 6c. 

10th. From a and e, with radii respectively equal to bC, and 
cB, describe arcs. These are the othera required ; and OBD 
ihe required curve. 

Evmark. If the construction ia accurate, the perpendicular 
through Ba ^nn oisect :ne distance ec. 

This curve ia termed a four centre obtuse qt pointed curve, 
according as the distance AB is less or greater than A C. 

Prob. 32. (Pi. in. Fig. 38.) Having a line, and the per- 
peTidicular which bisects it, and a given point on the perpen- 
dicular ; to construct a curve formed of five arcs of circles, the 
consectUive arcs to be tangent ; the centres of two of the arcs to be 
on the given line, and at equal distances from its extremities; the 
radii of the two arcs, respectively tangent to these tivo, to be equal, 
and of a given length ; and the centre of the fifth arc, which it 
to be tangent to these two last, to lie on the given perpe^t 
dicular. 

Let AB be the given line, and C the point on its bisecting 
perpendicular LC. 

Ist. Take any distance, less than LC, and set it off from 3 
to D, and from A to/. 

2d. From G set off Cff equal to BD, and draw a line from 
OtoD. 

3d. Bisect the distance DG by a perpendicular ; and mark 
the point B, where this perpendicular crosses the perpen- 
dicular iCprolonged. 

4tk. Draw a hne from E to D. 

5th. Take any distance, less than CE, equal to the given 
'tadius of the second arc, and set it off from G to F. 

6th. Through i^ draw a line /"fi" parallel to aB. 

7th. Take off OF, the difference between CF and CO, and 
with it describe an arc from D ; and mark the points a and 6 
where it crosses the lines BE and Fff. 

Stu. Take any point c on this arc, between th« points a 
and b, and draw from it a line to F. 

9th. Bisect the line cF by a perpendicular, and mark th< 
piiint ''where it cron=es the perpendicular C/j prolonged. 
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10th. From c draw a line through D and prolong it; and 
another from /prolonged through c. 

11th. From c draw a perpendicular to CJ : and from 'i, 
where it crosses CI, set off d'j equal to cd, and mark tht 
point g. 

12tli. From /draw a line through g and prolong it; and 
one from g prolonged through/ 

13, From D andy] with the distance BD, describe the arcs 
Bm, and Ap; from c and g, with the distance cjn, or gp, 
describe the ares mri, and po; and from / with the distance 
IC, describe the arc no. The curve BCA is the one 
required. 

Remarks. This curve is also termed a semi oval ; and, 
from the number of arcs of which it is composed, a atrve oj 
jive centres. 

Prob. S3. (PI. ni. Fig. 39.) Having two paralkl lines, to 
eonstruct a curve ofOiree centres which shall be tangent to the twii 
parallels at their extremities. 

Let AB and CD he the given parallels ; and B and D the 
points at which the required curve is to be drawn tangent. 

1st, From fi construct a perpendicular to AB, and mark 
the point b where it crosses CD; and also a perpendicular at 
-Oto CD. 

2d, From B, set off any distance Be less than the half oJ 
Bb; and through c draw a line parallel to AB, and mark the 
point d where it crosses the perpendicular to CD. 

3d. From c, set ofi^ along ed prolonged, the distance ca 
equal to cB. 

4th, Taking ca, aa the radius of the first arc, construct a 
quarter oval by Prob. 30 through the points a and D, 

5th. Prolong the arc described from c to the point B. The 
curve BaD is the one required. 

Remark. This curve ia termed a scotia of two centres. 

Prob. 34. (PI. ni. Fig. 40.) Saving two paraUeU, to con- 
struct a garter of i curve of Jive centres tangent to Uiem at their 



Let AB and CD be the given parallels, and B and I) theb 
extremities. 

Ist, Proceed, as in the last case, to draw the perpendicolan 
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It B, and D, and a parallel to AB through a point c, taken 
on the first perpendicular, at a distance from B teas than the 
half of -BZ, 

2d, Set off from c a distance ca equal to cB ; and on orf 
and Dd describe the quarter oval by Prob. 32. 

3d. Prolong the fct arc from a to S, which will complete 
the required curve. 

Remark, This curve is termed a scoHa of three centres. 

PriA. 35. (PI. III. Fig. 41.) Having two paralkls and a 
fiven point on each, lo construct tuv e(jual arcs which shall be 
tangent lo each other and respectively tangent to Oie parallels cU 
tke given points. 

Let A B aud CD be the two parallels ; B and D the giveii 
points. 

1st. Draw a line through BD, and bisect the distance 
BD. 

2d. Bisect each half BU, and SD by perpendiculars. 

3d. From B, and I) draw perpendiculars to AB and CD, 
and mark the points a, and b, where they cross the bisecting 
perpendiculars. 

4th. From a, with the distance aU, describe an arc to B; 
and from 6, with the same distance, an arc ED. These are 
the required arcs. 

Prob. 36. (PI. III. Fig. 42.) Having two paraUeh, and a 
point on each, to construct two etptal arcs which shall be tangent 
to each other, have their centres respectively on the parallels, 
and pass through the given points. 

Let AB and CD be the parallels, B and D the giyen 
points. 

lat. Join BD by a line and bisect it. 

2d, Bisect each half BH, and SD by a perpendicular ; and 
mark the points a and b, where the perpendiculars cross the 
parallels. 

8d. From a, with oB, describe the arc BE; and from h, 
vith the same distance, the arc DH. These are the reqoind 
uca. 
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KECTiLuniAL Figures. 

% 

PiA. 37. (PI. m. Fig. 43.) Having the sides ^ a tnim^ 
to construct (tie figure. 

Let AC^ BC, and AB be the lengths of the given sides. 

1st Draw a line, and set off upon it the longest side AB, 

2d. From the point A^ with a radius equal Xo ACj one ol 
the remaining sides, describe an arc. 

3d. From the point B^ with the third side BC^ describe a 
second arc, and mark the point C where the arcs cross. 

4th. Draw lines from (7, to A and B. The figure ACB is 
the one required. 

Remark. The side AC might have been set off from B^ 
and BC from A ; this would have given an equal triangle to 
the one constructed, but its vertex would have been placed 
differently. 

Remark, This construction is also used to find the position 
of a point when its distances from two other given points are 
given. We proceed to make the construction in this case 
like the preceding. It will be seen, that the required point 
can take four different positions with respect to the two 
others. Two of them, like the vertex of the triangle, will lie 
on one side of the line joining the given points, and the other 
two on the other side of the line. 

Prob, 38. (PL III. Ficr. 44.> Having the fide of a sjwxrs ^ 
construct the figure. 

Let ABhe the given side. 

1st. Draw a line, and set off AB upon it. 

2d. Construct perpendiculars at A, and Bj to AB, 

3d. From A and B, set off the given side on these perpen* 
diculars to C and D ; and draw a line from C to D, The 
figure ABCD is the one required. 

Proh. 39. (PI. III. Fig. 45.) Having tlie two sides of a 
parallelogram^ and the angle contained by them^ to construct t/n 
figure. 

Let AB^ and AC he the given sides; and JS the given 
angle. 
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Ist. Draw a line, and set off AB upon it 

2d Construct at A an angle equal to the given one bj 
Prob. 13. 

8d. Set off, along the side of this angle, from A^ the othei 
given line A C, 

4th. From C, with the distance AB describe an arc, and 
from B with the distance A C describe another arc. 

5th. From the point i?, where the arcs cross, draw lines to 
CJ and B. The figure ABB C is the one required. 

Prob, 40. (PI. III. Fig. 46.) To circumscribe a given triangle 
by a circle. 

Let ABC be the given triangle. 

As the circumference of the required circle must be 
described through the three given points A, B and £7, its 
centre and radius will be found precisely as in Prob, 19. 

Prob. 41. (PI. ni. Fig. 47.) In a given triangle to inscribe 
a circle. 

Let ABC he the given triangle. 

1st By Prob. 16 construct the lines bisecting the angles A^ 
and C; and mark the point I) where these lines cross. 

2d. From D by Prob. 8 construct a perpendicular DB, to 
AC 

3d. From JD, with the distance BJS, describe a circle. Thia 
IS the one required. 

Prob. 42. (PI. IV. Fig. 48.) In a given circle to inscribe a 
square. 

Let be the centre of the given circle. 

1st. Through draw a diameter ABj and a second dia- 
meter CD perpendicular to it 

2d. Draw the lines AC, CB, BD, and DA. The figure 
ADBC is the one required. 

Prob. 43. (PL IV. Fig. 48.) In a given circle to inscribe a 
regular octagon, 

1st. Having inscribed a square in the circle bisect each of 
its sides ; and through the bisecting points and the centre 
draw radii. 

2d. Draw lines from the points d, i, a, c, where these radii 
meet the circumference, to the adjacent points i?, A, &c. The 
figure dAbC &c. is the one required. 
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Remark. By bisectinj; the sidea of the octagon, and draw 
ing radii through the points of bisection, and thea drawing 
lines from the points where these radii meet the circumfereni^e 
to the adjacent points of the octagon, a figure of sixteen equal 
sides can be inscribed, and in like manner one of 32 sides, 
ic. 

Prob. 44. (PI. IV. Fig. 49.) To inscribe in a given circle 
a regular hexagon. 

Let be the centre of the given circle. 

lat. Having taken off the radius OA, commence at A, and 
set it off from A to B, and from X to i^. on the oircum- 
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2d, From B set off the same distance to C; and from Cto 
D, and so on to K 

3d. Draw lines between the adjacent points. The figure 
ABC &c. is the one required. 

Remark. By a process sinnilar to the one employed for 
constructing an octagon from a square, we can, from the 
hexagon, construct a figure of 12 sides ; then one of 24 ; and 
BO on doubling the number of sides. 

Prd). 45. (PI. rV". Fig. 49.) To inscr3)e in a given circle on 
tquHateral triangle. 

Having, as in the last problem, constructed a regular hex- 
agon, draw lines between the alternate angles, as ^4 C, CE, 
and EA ; the figure thus formed is the one required. 

Prob. 46. (PI, IV. Fig. 60.) To inscribe in a given circle a 
regular pentagon. 

Let be the centre of the given circle, 

1st. Draw a diameter of the circle AB, and a second one 
CD perpendicular to it. 

2d. Bisect the radius OB, and from the point of bisection 
a set off the distance a C, to b, along AB. 

3d. From C, with the radius Ch, describe an arc, and mark 
the points .S, and /, where it crosses the circumference of the 
given circle. 

4th. From S, and /, set off the same distance to G and £ 
on the circumference. 

6th. Draw the lines CH, HO, OK, KI, and IC. Thfl 
figure CHOEI ia the one required. 
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First Method. (PL IV. Fig. 50.) 

1st. Construct any circle, and inscribe witliin it a regular 
figure, by one of the preceding Probs. of the same number of 
as the one required. 

Let us suppose for example that the one required is a pea- 
tagon. 

Having constructed this inscribed figure, draw from 
the centre of the circle, through the angular points of the 
figure, lines ; and prolong them outwards, if the side of the 
inscribed figure is less than the given line. 

3d. Prolong any one of the sides, as CI, of the inscribed 
figure, and set off along it, from the angular point C, a dis- 
tance Cm equal to the given line. 

4th. Through m, draw a line parallel to the line drawn 
from through C, and mark the point n, where it crossea 
the line drawn &orn through /. 

5th. Through n, draw a line parallel to CI, and mark iha 
point o, where it crosses the line 0(7 prolonged, 

6th. From 0, set off, along the other lines drawn from G 
through the other angular points, the distances Op, Oq, and 
Or, each equal to Om, or On. 

7th. The points o, p, r, and n being joined by lines ; the 
figure i^qrn is the one required. 

Second Method. (PI. IV. Fig. 51.) 

Ibl Draw a line and set off the given line AB upon it. 

2d. At B construct a perpendicular to AB. 

3d, From B, with BA, describe an arc Aa. 

4th. Divide this arc into as many equal parts as number of 
rides in the required figure ; and mark the points of divisioD 
from a, 1, 2, 3, itc. 

6th. From A, with AB, describe an arc, and mark th* 
point c where it crosses the arc ^o. 

6th From B draw a line through the divisioQ point 2. 

7th. From c, set off the distance c% to b, on the arc Be. 
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^H and mark the point F wkere it crosses the line parallel to 

^M 

^H 5tli. From the point F, with the given radius desoribe a 

^^1 circle. This is the one required. 

^^M Eemarks, If the construction is accurate a line drawn from 

^^1 /'to Gwill pass through the point where the circles touch, 

^^H and one drawn from i*" perpendicular to AB will pass through 

^^1 the point where the circle touches the line. 

^^1 If from the centre C, a perpendicular is drawn to AB, and 

^^1 the points a, b and d where the perpendicular crosses the line 

^^1 and the given circle are marked, it will be found that the 

^H given radius cannot be less than one half of ab nor greater 

^H than one half of ad. 

^H Proh. 27. (PI. in. Fig. 33.) Having a circie and right line 

^^M given, to construct a circle which shall be tangent to the given 

^^1 circle at a given point, and also to the line. 

^^1 Let (7 be the centre of the given circle, D the given point 

^^B on its circumference, and AB the given line. 

^^1 let. By Prob. 20 construct a tangent to the given circle at 

^^1 the point D; prolong it to cross the given line, and mark the 

^H point A where it crosses. 

^H 2d. By Pr(A. 16 construct the line A^ which bisects the 

^^1 angle between the tangent and the given line. 

^H 3d. Through CD draw a radius, and prolong it to cross the 

^1 bisecting line at E. 

4th. Mark the point E, and with the distance ED describe 

a circle. This is the required circle. 
PnA. 28. (PL m. Fig. 34.) Having a circle and right line, 

to construct a circle which shall be tangent to the given circle, and 

also to the line at a given point on it. 
Let Che the centre of the given circle; AB the given Hue, 

and a the given point on it. 
1st Bj Ptob. 6 construct a perpendicular at a to the pvea 

line. 
2d. From a set o£f oi eq^ual to the radius Oi of the given 

circle. 

Sd. Draw a line through bC, and by Prcb. 6 luaeot ths 

distance bC by a perpendicular to the line bC. 
4tb. Mark the point c, where this perpendicolar crosses tha 
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t at a; aad with ac describe a circle. This is the ona 
(qoirai 

>. 29. (PI. ni. Fig. 35.) Saving two circles, to amsiruet 
I third which shall be tangent to cne of them at a given point, 
^and also touch the other. 

Let G and B be the centres of the two given circles ; and 
MD the given point on one of tbem, at which the required 
■'Circle is to be tangent to it. 

Ist Through CD draw a line, which prolong each way 
I from C and D. 

2d. From D set off towards G the distance DA equal to the 
f rsdiua 5i^of the other given circle. 

' ". Through AB draw a line, and by Probs. 5 and 6, bisect 
^AB by the perpendicular QE. 

4th. Mark the point E, where the perpendicular crosses 
the line CD prolonged ; and with the distance ED describe a 
circle from E. This is the one required. 

Prob. 30. (PI. in. Fig. 36.) Having a given distance, or 
line, and the perpendicular which bisects it, to construct three 
arcs of circles, the radii of two of which shall he equal, and of a 
given length, and their centres on the given line ; and the third 
shall pass through a given point em the perpendicular and be 
tangent to the other (wo circles. 

Let AB be the given line, and D the given point on the 
perpendicular to AB through its middle point C; and let the 
distance CD be less than A C, the half of AB. 

1st. Take any distance, kss than CD, and set it off from A 
and B, to b and e, and mark these two points for the centres 
of the two arcs of the equal given radii less than CD. 

2d. Set off from D the distance Dc equal to Ab, and throngh 
be draw a line. 

3d. Bisect 6c by a perpendicular, by Prohs. 5 and 6, and 
mark the point d where it crosses the perpendicular to AB 
prolonged below it, the point d is the centre of the third arc. 

4th. Draw a line through db, and prolong it ; and also one 
through de which prolong, 

5th. From 6, with the distance lA, describe an arc from A 
to tn on the line db prolonged ; and one, from the othei 
•entre e, from B Xo v on the line de prolonged. 
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6th. From (/, with the distance dD, describe an ai'c aiournl 
to the two lines db, and de prolonged. This is the third arc 
required, and touches the other two where they cross the 
lines dh and de prolonged at m and n. 

Remark. This curve is termed a half oval, or a three cenf < 
riiTve. The other half of the curve, on the other side of AB, 
can be drawn by setting off a distance Cg equal to Crf, and 
by continuing the arcs described from b and e around to Hnea 
drawn from g, through h and e ; and by connecting these arcs 
by another described from j, with a radius equal to Dd. 

Prob. 31. (PI. III. Fig. 37.) Having a given line and the 
perpendicular tJiat bisects it; also two lines drawn Oirough a 
given point, on the perpendicular, and eacJi making the savie 
angle with it; to construct a curve formed of four arcs of circles. 
two of these arcs to have equal given radii, and their centres to lie 
OKI the given line, and at equal distances from its extremities ; each 
of the other arcs to have equal radii, and to be tangent respec- 
tively to one of the given lines where it crosses tite perpendicular 
and also to one of the first arcs. 

Let CD he the given line ; B the given point on the bisect- 
ing perpendicular ; and Bm, Bn, the two lines, drawn 
through B, mating the same angle with the perpendicular. 

1st. From G and D, set off the same distance to b and a, for 
the given radii of the two first ares ; which distance must, 
■a. all cases, be taken less than the perpendicular distance from 
he point b or a, to one of t/ie given lines through B. 

2d, At B draw a perpendicular to the line Bm. 

3d, Set off from B, along this perpendicular, a distance Bd 
aqual Cb. 

4th. Draw a line through bd, and bisect this distance by a 
perpendicular. 

5th. Having marked the point c, where this last perpen- 
dicular crosses the one at B, draw through ci a line, and 
prolong it beyond b. 

6th. From b, with the distance bC, describe an arc, which 
prolong to the line through be ; this is one of the first required 



7th. From c, with a distance cB, describe an are, Thu j 
ine of the second required arcs. 
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8th, Through a, and ihe point/, where be crosses the per- 
pendicular BA prolonged, draw a line, 

9th. From a, set off ae equal to he. 

10th. From a and e, with radii respectively equal to bC^ and 
cB, describe arcs. These are the othera required ; and CBD 
ihe required curve. 

Eemu/rk. If the cor.atruction ia accurate, the perpendicular 
through Ba. «ii oisect. ine .Ustaace ec. 

This curve is termed a four centre obtuse ot pointed curve, 
according as the distance AB is \es3 or greater thau AC. 

Prob. 32. (PI. m. Fig. 38.) Sarnvg a line, arid the per- 
pendicular which bisects it, and a given point on the perpen- 
dicular; lo construct a curve formed of Jive arcs of circles, the 
consecutive arcs to be tangent; the centres ofttoo of the arcs to be 
on the given line, and at equal distances from its extremities; the 
radii oflJte two arcs, respectively tangent lo these ttoo, to be equaly 
and of a given length ; and the centre of (Ae fflh arc, which ia 
to be tangent to these lioo last, to lie on the given perpen 
dicviar. 

Let AB be the given line, and C the point on its bisecting 
perpendicular LO. 

1st. Take any distance, less than LC, and set it off from B 
to D, and from A tof 

2A From C eet oiT CG equal to BD, and draw a line from 
GtoD. 

3d. Bisect the distance DG by a perpendicular ; and mark 
the point B, where this perpendicular crosses the perpen- 
dicular iCprolonged. 

4lh. Draw a Une from S to D. 

5th, Take any distance, less tiian C£, equal to the given 
radius of the second arc, and set it off from C to F. 

8lh, Through i^draw a line ^£" parallel to aB. 

7th. Take off GF, the difference between CF and CO, and 
with it describe an arc from D ; and mark the points a and h 
where it crosses the lines DE and FH. 

8th. Take any point c on this arc, between tha points a 
and 6, and draw from it a line to F. 

9th. Bisect the line cF by a perpendicular, and mark the 
p<>iat ''where it cmi^ses the perpendicular CL prolonged. 
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10th. From c draw a line thronglL D and prolong it; and 
another from /prolonged thioogh e: 

llth. From e draw a perpendicalar to d: and from d^ 
where it croesea CZ^ set off c^ equal to ed^ and maik the 
fciixt g, 

12tlL From /draw a line through ^ and prolong it; and 
one from g prolonged through/ 

13. From D and/ with the distance BD^ describe ibe arcs 
Bm, and Ap; from e and g^ with the distance em^ or gp^ 
describe the arcs mn, and2x>; and from / with the distance 
IC^ describe the arc no. The curre BCA is the one 
required* 

liemarks. This curre is also termed a semi oyal; and, 
from the number of arcs of which it is composed, a cmve €f 
jWt ccnttts* 

Prob. 83. (PL m. Fig. 39.) Hamng two paraOd Ima, to 
tctnslruei a curve of three centres which shall he tomgeni to At two 
parallels cU their extremities. 

Let AB and CD be the given parallels ; and B and D the 
points at which the required curve is to be drawn tangent. 

1st From B construct a perpendicular to AB, and rsoA 
the point b where it crosses CD; and also a perpendicalar at 
2? to CD. 

2d. From B^ set off any distance Be less than the half of 
Bb; and through c draw a line parallel to AB^ and mark the 
point d where it crosses the perpendicular to CD. 

3d. From c, set ofi^ along cd prolonged, the distance ea 
equal to cB. 

4tlL Taking ca^ as the radius of the first arc, construct a 
quarter oval by Prob. 30 through the points a and D. 

6th. Prolong the arc described from c to the point B. The 
curve BaD is the one required. 

Remark. This curve is termed a scotia of two centres. 

Prob. 34. (PL HI. Fig. 40.) Having two parallels^ to eonr 
struct a quarter of x curve of five centres tangent to them aJt ihm 



Let AB and CD be the given parallels, and B and D tlieix 

extremities. 

1st. Proceed, as in the last case, to draw the 
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at S, and i>, and a parallel to AB through a point c, taken 
on the first perpendicular, at a distance firom B less than the 
half of ^i. 

2d. Set off firom c a distance ca equal to cB; and on ad 
and Dd describe the quarter oval by Prob. 82. 

8d. Prolong the fii'st arc from ato B, which will complete 
the required curve. 

Remark, This curve is termed a scotia of three centres. 

Prob. 85. (PI. III. Fig. 41.) Having two parallels and a 
given point on eachj to construct two equal arcs which shall be 
tangent to each other and respectively tangent to the parallels ol 
the given points. 

Let AB and CD be the two parallels ; B and D the given 
points. 

1st. Draw a line through BD^ and bisect the distance 
BD. 

2d. Bisect each half BE^ and ED by perpendiculars. 

8d. From B^ and D draw perpendiculars to AB and CD, 
and mark the points a, and 5, where they cross the bisecting 
perpendiculars. 

4th. From a, with the distance aE^ describe an arc to -B; 
and from &, with the same distance, an arc ED. These are 
the required arcs. 

Prob, 86. (PI. m. Fig. 42.) Having two parallels^ and a 
point on each, to construct two equal arcs which shall be tangent 
to each other, have their centres respectively on the parallels, 
and pass through the given points. 

Let AB and CD be the parallels, B and D the given 
points. 

1st. Join BD by a line and bisect it. 

2d« Bisect each half BE, and ED by a perpendicular ; and 
mark the points a and &, where the perpendiculars cross the 
parallels. 

8d. From a, with oB, describe the arc BE; and from i^ 
with the same distance, the arc DE. These are the required 
arak 
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I^ob.Z7. (PL m. Fig. 43.) Having Oe siks of a 

to amstrud tr^e figure, 

hex AC^ BCj and AB be the lengths of the giren ades. 

lat. Draw a line, and set ofiT upon it the longest side AB, 

2d. From the point A, ^-ith a radius equal to AC^ one ol 
the remaining sides, describe an arc. 

3d. From the point B^ with the third side BCj describe a 
second arc, and mark the point C where the arcs cross. 

4th. Draw lines from (7, to A and B. The figure ACB is 
the one required. 

Remark, The side AC might hare been set off from B^ 
and BC from A ; this would have giyen an equal triangle to 
the one constructed, but its vertex would hare been placed 
differently. 

Bernark, This construction is also used to find the position 
of a point when its distances fix)m two other given points are 
given. We proceed to make the construction in this case 
like the preceding. It will be seen, that the required point 
can take four different positions with respect to the two 
others. Two of them, like the vertex of the triangle, will lie 
on one side of the line joining the given points, and the other 
two on the other side of the line. 

Prob. 38. (PL III. Ficr. 44.) Hamng the sidt of a squars M 
construct theJUpire. 

Let ^ J5 be the given side. 

Ist. Draw a line, and set off AB upon it. 

2d. Construct perpendiculars at A^ and J9, to AB. 

3d. From A and B^ set off the given side on these perpen- 
diculars to C and D ; and draw a line from Cto D. The 
figure A BCD is the one required. 

I^oh, 39. (PI. III. Fig. 45.) Having Vie tvx> sides of a 
parallelogram^ and tJie angle contained by them, to construct the 
figure. 

Let AB^ and AC he the given sides; and IS the given 
angle. 
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1st. Draw a line, and set off AB upon it 

2d Construct at A an angle equal to the given one b} 
Prob. 13. 

Sd. Set off, along the side of this angle, &om A^ the othei 
given line A C\ 

4th. From C, with the distance AB describe an arc, and 
from B with the distance A C describe another ara 

5th. From the point 2?, where the arcs cross, draw lines to 
CJ and B, The figure ABB C is the one required. 

Prob. 40. (PI. III. Fig. 46.) To circumscribe a given triangh 
by a circle. 

Let ABC be the given triangle. 

As the circumference of the required circle must be 
described through the three given points -4, B and (7, its 
centre and radius will be found precisely as in Prob. 19. 

Prob. 41. (PI. ni. Fig. 47.) In a given triangle to inscrOx 
a circle. 

Let ABC be the given triangle. 

1st By Prob. 16 construct the lines bisecting the angles A^ 
and C; and mark the point D where these lines cross. 

2d. From D by Prob. 8 construct a perpendicular BU, to 
AC. 

8d. From I), with the distance BBj describe a circle. Thia 
IS the one required. 

Prob. 42. (PI. IV. Fig. 48.) In a given circle to inscribe a 
square. 

Let be the centre of the given circle. 

1st. Through draw a diameter ABj and a second dia- 
meter CB perpendicular to it 

2d. Draw the lines AC, CB, BB, and BA. The figure 
ADBC is the one required. 

Prob. 43. (PI. IV. Fig. 48.) In a given circle to inscribe a 
regular octagon. 

1st. Having inscribed a square in the circle bisect each of 
its sides ; and through the bisecting points and the centre 
draw radii. 

2d. Draw lines from the points d, 6, a, c, where these radii 
meet the circumference, to the adjacent points B, A, &c. The 
figure dAbC &c. is the one required. 
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Semark. By bisectiifj the sides of the octagon, and draw 
mg radii through the points of bisection, and then drawing 
lines fix>m the points where these radii meet the drcomfeience 
to the adjacent points of the octagon, a figure of sixteen equal 
sides can be inscribed, and in like manner one of 82 sidesi 
&a 

Prob. 44. (PI. IV. Fig. 49.) To inscnbe in a given drdt 
a regular hexagon. 

Let be the centre of the given circle. 

1st. Having taken off the radius OA^ commence at A^ and 
get it off from A to B^ and from J. to i^ on the circum- 
ference. 

2d« From B set off the same distance to 0; and firom (7 to 
Dj and so on to ^. 

8d. Draw lines between the adjacent points. The figure 
ABC &c. is the one required. 

Bemarh By a process similar to the one employed for 
constructing an octagon from a square, we can, firom the 
hexagon, construct a figure of 12 sides; then one of 24; and 
80 on doubling the number of sides. 

Prob. 45. (PI. rV. Fig. 49.) To inscribe in a given circle on 
eguHateral triangle. 

Having, as in the last problem, constructed a regular hex- 
agon, draw lines between the alternate angles, ^a AC^ GE, 
and JSA ; the figure thus formed is the one required. 

Prob. 46. (PI. IV. Fig. 50.) To inscribe in a given circle a 
regular pentagon. 

Let be the centre of the given circle. 

Ist. Draw a diameter of the circle AB^ and a second ona 
CD perpendicular to it. 

2d. Bisect the radius OB^ and from the point of bisecticm 
a set off the distance a (7, to 6, along AB. 

8d. From C, with the radius (76, describe an arc, and mark 
the points H^ and /, where it crosses the circumference of die 
given circle. 

4th. From H^ and /, set off the same distance to Q and R 
on the circumference. 

6th. Draw the lines CH, EG, QK, KI, and IC. Tht 
figuie GHOKIis the one required. 
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Prdb. 47. To construct a regular figure, the sides of whiA 
ihaU be respectively equal to a given line. 
. Let AB be the given line. 

First Method. (PI. IV. Fig. 50.) 

1st. Construct any circle, and inscribe within it a regular 
figure, by one of the preceding Probs. of the same number of 
sides as the one required. 

Let us suppose for example that the one required is a pen- 
tagon. 

2d. Having constructed this inscribed figure, draw from 
the centre of the circle, through the angular points of the 
figure, lines ; and prolong them outwards, if the side of the 
inscribed figure is less than the given line. 

3d. Prolong any one of the sides, as (77, of the inscribed 
figure, and set off along it, from the angular point (7, a dis- 
tance Cm equal to the given line. 

4th. Through m, draw a line parallel to the line drawn 
from through C, and mark the point w, where it crosses 
the line drawn from through I. 

5th. Through w, draw a line parallel to C7", and mark the 
point 0, where it crosses the line OC prolonged. 

6th. From 0, set off, along the other lines drawn from C 
through the other angular points, the distances Op, Oj, and 
Or, each equal to Om, or On, 

7th. The points o, ^, r, and n being joined by lines ; the 
figure op^pra is the one required. 

Secmd Method. (PI. IV. Fig. 51.) 

1st. Draw a line and set off the given line AB upon it 

2d. At B construct a perpendicular to AB. 

8d. From B^ with BA^ describe an arc Aa. 

4th. Divide this arc into as many equal parts as number of 
rides in the required figure ; and mark the points of divisioD 
from a, 1, 2, 3, &c. 

6th. From A^ with AB^ describe an arc, and mark th« 
poiot c where it crosses the arc Aa. 

6th From B draw a line through the division point 2. 

7th. From c, set off the distance c2, to 5, on the arc Be. 
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2d. Bisect the angle, as DOB^ between any twc of theoe 
lines of division, and prolong out the bisecting line. 

8d, Construct a tangent to the given circle at either 5, or 
/?, and mark the point a where this tangent crosses the 
bisecting line. 

4th. From a, set off aB to J, along the bisecting line. 

5th. At h construct a perpendicular to Oa, and mark the 
point c where it crosses OB. 

6th. From c, with the distance cB^ describe a circle. This 
is one of the required circles. 

7th. From the other points of division, 2), &c., set off 
the same distance Bc^ and from the points thus set off with 
this distance describe circles. These are the other required 
circles. 

Prdb. 51. (PI. IV. Fig. 52.) To circumscribe a given circle 
by a given number of circles tangent to it, and to each other. 

1st. Having divided the given circle into a number of 
equal parts, the same as the given number of required circles; 
bisect, in the same way, the angle between any two adjacent 
lines of division. 

Let us take for illustration six as the number of required 
circles. 

2d. Prolong outwards one of the lines of division, as OB, 
and also the line, as Od, that bisects the angle between it and 
the adjacent line of division Oa. Construct a tangent at 2? 
to the given circle ; and mark the point /where it crosses the 
bisecting line. 

3d. From/ set off /D' to d, along the bisecting line ; and 
at dy construct a perpendicular to this line, and mark the point 
g where it crosses the line OB* 

4th. From g, with the distance gB', or gd, describe a circle. 
This is one of the required circles. 

5th. Prolong outwards the other lines of division ; and set 
off along them, from the points where they cross the circum- 
ference, the distance Bg ; and from these points with thii 
distance describe circles. These are the remaining required 
oircle& 
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6th. From d, with the distance dD, describe an arc arounii 
to the two lines db, and de prolonged. This is the third aw 
required, and touches the other two where they cross the 
lines dl and de prolonged at m and n. 

Remark. This curve is termed a half oval, or a thref cenfe 
cuTve. The other half of the curve, on the other side of AB, 
can be drawn by setting off a distance Cg equal to Cd, and 
by continuing the arcs described from b and e around to lines 
drawn from y, through b and e; and by connecting these arcs 
by another described from g, with a radius equal to Dd. 

Prob. 31. (PI. III. Fig. 37.) Having a given line and tht 
perpendicular that bisects it ; also two lines drawn through a 
given, point, on the perpendicular, and eadi making the sam« 
angle with it; to construct a curve formed of four arcs of circles, 
tnvo of these arcs to have equal given, radii, and their centres to lit 
on the given line, and at equal distances from its extremities ; each 
of t/ie other arcs to have equal radii, and to be tange7it respec- 
tively to one of the given lines where it crosses the perpendieulaT 
and also to one of Ute first arcs. 

Let CD be the given line ; B the given point on the bisect- 
ing perpendicular ; and Bm^ Bn, the two lines, drawn 
through B, making the same angle with the perpendicular. 

1st. From C and D, set off the same distance to b and a, for 
the given radii of the two first ares ; which distance must, 
'D all cases, be taken less than the perpendicular distance from 
he point b OT a, to one of the given lines through B. 

2d. At B draw a perpendicular to the line Bm. 

3d. Set off from B, along this perpendicular, a distance Bd 
equal Cb. 

4th, Draw a line through bd, and bisect this distance by a 
perpendicular. 

5th. Having marked the point e, where this last perpen- 
dicular crosses the one at B^ draw through cb a line, and 
prolong it beyond b. 

6th. From b, with the distance 6(7, describe an arc, which 
prolong to the line through he ; this is one of the first required 
arcs. 

7th. From c, with a distance cB, describe an arc Hub ia 
one of the second required arcs. 
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8tli. Througli a, and tbe point/, -whera be oroBsea the per^ 
pendicular BA prolonged, draw a line. 

9th. From a, set off ae equal to 60. 

lOth, From a and e, with radii respectively equal to bC, and 
cB, describe arcs. These are the othera required ; and GBB 
the required curve. 

Eemirk. If the cor.atruction is accurate, the perpendicular 
through Ba .fiii Disecc tne .listaoce ec. 

This curve is termed a four centre obtuse or pointed curve, 
according as the distance AB is leaa or greater than AC. 

Prob. 32. (PI. ni. Fig. 38.) Having a line, and the per- 
pendicular which bisects it, and a. given point on the perpen- 
dicuhr; to construct a curve formed of Jive arcs of circles, the 
consecutive arcs to be tangent; the centres of two of the arcs to be 
on the given line, and at egual distances from its extremities; the 
radii of the two arcs, respectively tangent to these tiiio, to be equal, 
and of a given length; and the centre of ike fijih arc, which it 
to be tangent to these two last, to lie on the given perpen 
dicular. 

Let AB be the given line, and 6' the point on ita bisecting 
perpendicular LG. 

1st. Take any distance, less than LC, and set it off from B 
to D, and from A tof. 

2d. From t7set off CG equal to BD, and draw a line from 
GtoJ). 

3d. Bisect the distance BG by a perpendicular ; and mark 
the point E, where this perpendicular crosses the perpen- 
dicular if prolonged. 

4th. Draw a line from E \a D. 

6th. Take any distance, less Utan CE, equal to the given 
tsdius of the second arc, and set it off from C to F. 

6th. Through ^draw a line i^H parallel to aB. 

7tli. Take off GF, the difference between CF and CG, and 
with it describe an arc from D ; and mark the points a and b 
where it crosses the lines DE and FH. 

8tu. Take any point c on this arc, between the points a 
and b, and draw from it a line to F. 

9th- Bisect the line cF by a perpendicular, and mark th« 
p<>iiit '"^here it crosses the perpendicular CL prolonged. 
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10th. From c draw a line through D and prolong it ; a&d 
another from /prolonged through c: 

11th. From c draw a perpendicular to CI : and from ^^ 
where it crosses CI, set off dg equal to cd^ and mark the 
point g. 

12th. From /draw a line through g and prolong it; and 
one from g prolonged through/ 

13. From D and/ with the distance BD^ describe the arcs 
Brrij and Ap ; from c and g, with the distance cm, or gp, 
describe the arcs mw, and po; and from / with the distance 
IC, describe the arc no. The curve BCA is the one 
required. 

Hemarks. This curve is also termed a semi oval; and, 
from the number of arcs of which it is composed, a curve o) 
Jive centres, 

Prob. 83. (PI. m. Fig. 39.) Having two parallel Unes, to 
ton8trv.ct a curve offkree centres which shall be tangent to ihe two 
parallels at their extremities. 

Let AB and CD be the given parallels ; and B and D the 
points at which the required curve is to be drawn tangent. 

1st. From B construct a perpendicular to AB, and mark 
the point b where it crosses CD; and also a perpendicular at 
i?to CD. 

2d. From B, set off any diatance Be less than the hjoHf of 
Bb ; and through c draw a line parallel to AB, and mark the 
point d where it crosses the perpendicular to CD. 

3d. From c, set off, along cd prolonged, the distance oa 
equal to cB. 

4th. Taking ca, as the radius of the first arc, construct a 
quarter oval by Prob. 30 through the points a and D. 

6th. Prolong the arc described from c to the point B. The 
curve BaD is the one required. 

Remarh. This curve is termed a scotia of two centres. 

Prob. 34. (PI. m. Fig. 40.) Having two parallels^ to con- 
struct a quarter of x curve of Jive centres tangent to them at their 
exttefniiieSm 

Let AB and CD be the given parallels, and B and D theix 
extremities. 

1st. Proceed, as in the last case, to draw the perpendicdbun 
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tt 5, and B^ and a parallel to AB through a point c, taken 
on the first perpendicular, at a distance from B less than the 
halfofjBi. 

2d. Set off from c a distance ca equal to cB; and on oA 
and Dd describe the quarter oval by Prob. 32. 

8d. Prolong the first arc from a to 5, which will complete 
the required curve. 

Remark. This curve is termed a scoUa of three centres. 

Proh. 35. (PI. III. Fig. 41.) Having two parallels and a 
given point on eac\ to constmct two equal arcs which shall be 
tangent to each other and respectively tangent to the parallels at 
the given points. 

Let AB and CD be the two parallels ; B and I) the given 
points. 

1st. Draw a line through BB, and bisect the distance 
BD. 

2d. Bisect each half BU, and ED by perpendiculars. 

3d. From B, and D draw perpendiculars to AB and CD, 
and mark the points a, and b, where they cross the bisecting 
perpendiculars. 

4th. From a, with the distance a^, describe an arc ix> B; 
and from 6, with the same distance, an arc JSD. These are 
the required arcs. 

Prob. 36. (PI. in. Fig. 42.) Having two parallels^ and a 
point on each, to construct two equal arcs which shall be tangent 
to each otJier, have their centres respectively on the parallels^ 
and pass through the given points. 

Let AB and CD be the parallels, B and D the given 
points. 

1st. Join BI) by a line and bisect it. 

2d. Bisect each half BE, and JSB by a perpendicular ; and 
mark the points a and 5, where the perpendiculars cross the 
parallels. 

8d. From a, with aB, describe the arc BJS; and from h^ 
with the same distance, the arc DK These are the reqniied 
arak 
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1st. Draw a line, and set off AB upon it 

2d Construct at J. an angle equal to the given one bj 
Prob. 13. 

Sd. Set off, along the side of this angle, from A^ the othei 
given line A C. 

4th. From (7, with the distance AB describe an arc, and 
from B with the distance A C describe another arc. 

6th. From the point D^ where the arcs cross, draw lines to 
CJ and B, The figure ABB C is the one required. 

Prob, 40. (PI. III. Fig. 46.) To circumscribe a given triangle 
by a circle. 

Let ABC be the given triangle. 

As the circumference of the required circle must be 
described through the three given points -4, B and (7, its 
centre and radius will be found precisely as in Prcb. 19. 

Prob. 41. (PL ni. Fig. 47.) In a given triangle to inscribe 
a circle. 

Let ABO be the given triangle. 

1st By Prob. 16 construct the lines bisecting the angles J., 
and C; and mark the point B where these lines cross. 

2d. From D by Prob. 8 construct a perpendicular 2?^, to 
AC. 

3d. From B, with the distance BU, describe a circle. Thia 
IS the one required. 

iVoJ. 42. (PI. IV. Fig. 48.) In a given circle to inscribe a 
square. 

Let be the centre of the given circle. 

1st. Through draw a diameter ABj and a second dia- 
meter CB perpendicular to it 

2d. Draw the lines AC, CB, BB, and BA. The figure 
ABBC is the one required. 

Prob. 43. (PI. IV. Fig. 48.) In a given circle io inscribe a 
regular octagon. 

1st. Having inscribed a square in the circle bisect each of 
its sides ; and through the bisecting points and the centre 
draw radii. 

2d. Draw lines from the points d, b, a, c, where these radii 
meet the circumference, to the adjacent points B, A, &c. The 
figure dAbC &o. is the one required. 
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l\ob. 47. To construct a regular figure, the ndea of vMA 
l-lAaQ he respectively equal to a given line. 
. Let ABhe the given line. 

First Method. (PI. IV. Fig. 50.) 
. Construct any circle, and inscribe within it a regular 
fure, by one of the preceding Probs. of the same number of 
! as the one required. 

5t U3 suppose for example that the one required is a pen- 
n. 

1. Having constructed this inscribed figure, draw from 
;the centre of the circle, through the angular points of the 
'figure, lines ; and prolong them outwards, if the side of the 
inscribed 6guTe ia less than the given line. 

3d. Prolong any one of the sides, as 01, of the inscribed 
figure, and set off along it, from the angular point C, a dis- 
tance Cm equal to the given line. 

4lh, Through m, draw a line parallel to the line drawn 
from through C, and mark the point n, where it crossflH 
the line drawn from through I. 

5th. Through n, draw a line parallel to CI, and mark the 
point 0, where it crosses the lioe 0(7 prolonged. 

6th. From 0, set oflj along the other lines drawn from C 
through the other angular points, the distances Op, Oq, and 
Or, each equal to Om, or On. 

7tli. The points o, p, r, and n being joined by lines ; tha 
:figure c^qm is the one required. 

Second Method. (PI. IV. Fig. 51.) 

Ifat. Draw a line and set off the given line .45 upon it. 

2d- At B construct a perpendicular to AB. 

Sd, From B, with BA, describe an arc Aa. 

4tb. Divide this arc into as many equal parts as number ot 
Bides in the required figure ; and mark the points of diviflion 
from a, 1, 2, 3, &c. 

5th. From A, with AB, describe an arc, and mark tbt 
point c where it crosses the arc Aa. 

6th From B draw a line through the division point 2. 

7th. From c, set off the distance c2. to b, on the arc Bo. 
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and mark the point F where it crosses the line parallel to 

5th. From the point F, with the given radius deaoribe a 
circle. This is the one required. 

Remarks. If the construction is accurate a line drawn from 
Flo (7 will paaa through the point where the circles touch, 
and one drawn from ^perpendicular to AB will pass through 
the point where the circle touches the line. 

If from the centre 0, a perpendicular is drawn to AB, and 
the points a, b and d where the perpendicular crosses the line 
and the given circle are marked, it will be found that the 
given radius cannot be less than one half of ah nor greater 
than one half of ad. 

Proh. 27. (PI. in. Fig. SS.) Havivg a circle and HgU line 
given, to construct a circle which shall be tangent to the given 
circle at a given point, and also to the line. 

Let G be the centre of the given circle, D the given point 
on its circumference, and AB the given line. 

1st. By Proh. 20 construct a tangent to the given circle at 
the point D; prolong it to cross the given line, and mark the 
point A where it crosses. 

2d. By Prob. 16 construct the line AE which bisects the 
angle between the tangent and the given line. 

3d. Through CD draw a radius, and prolong it to cross the 
bisecting line at E. 

4th. Mark the point E, and with the distance ED describe 
a circle. This is the required circle. 

JVoJ. 28. (PI. III. Fig. 34.) Having a circle and righi line, 
to construct a circle which shall be tangent to the given circle, and 
also to the line at a given point on it. 

Let C be the centre of the given circle ; AB the given line, 
and a the given point on it. 

1st, By Prob, 6 construct a perpendicular at a to the gives 
line, 

2d. From a set off a6 equal to the radius Cd of the ^ven 
circle. 

8d. Draw a line through bC, and by Prob. 5 bisect the 
distance hC by a perpendicular to the line hC. 

4th Mark the point c, where this perpendicular crosses th« 
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9 at a ,- and with ac desoribe a circle. This is the ooa 
l-nqaired. 

Prob. 29. (PI. ni. Fig. 35.) Having two circles, to constrvct 
I third which shall be tangent to cne of them at a given pmiO, 
I and also touch Oie other. 

Let G and B be the centres of the two given circles ; and 
I D the given point on one of them, at which the required 
|eiTc!e is to be tangent to it 

lat Through CD draw a line, which prolong each way 
ffrom G and D. 

2d. From D set off towards G the distance DA equal to the 
I ladius BF of the other given circle. 

i. Through AB draw a line, and by Probs. 5 and 6, bisect 
I AB by the perpendicalaj QE. 

4th. Mark the point E, where the perpendicular crosses 
the line CD prolonged ; and with the distance ED describe a 
circle from E. This is the one required. 

/Voi. 80. (PI. in. Fig. 36.) Having a given distance, or 
line, and the perpendicular which bisects it, to construct three 
arcs of circles, the radii of two of which shall be equal, and of a 
given length, and their centres on the given line ; and the third 
shall pass through a given point on the perpendicular and be 
tangent to the other two circles. 

Let AB be the given line, and D the given point on the 
perpendicular to AB through its middle point G; and let the 
distance CD be leas than A C, the half of AB. 

lat Take any distance, Jess than CD, and set it off from A 
and S, to 6 and e, and mark these two points for the centres 
of the two arcs of the equal given radii less than CD, 

2d. Set off from D the distance Dc equal to Ab, and through 
be draw a line. 

3d- Bisect 6c by a perpendicular, by Probs. 6 and 6, and 
mark the point d where it crosses the perpendicular to AB 
prolonged below it, the point d is the centre of the third arc 

4th. Draw a line through dh, and prolong it ; and also one 
through de which prolong. 

5th. From 6, with the distance lA, describe an arc fi-om A 
to m on the line <S) prolonged; and one, from the othei 
MDtre e, from 5 to i on the line de prolonged. 
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9th. From d^ with the distance dD, describe an are around 
to the two lines dbj and de prolonged. This is the third arc 
required, and touches the other two where they cross the 
lines db and de prolonged at m and n. 

Bemark. This curve is termed a fuxlfovalf or a three cent.e 
cfjurve. The other half of the curve, on the other sides of AB^ 
can be drawn by setting off a distance Cg equal to Cd^ and 
by continuing the arcs described from h and e around to lines 
drawn from ^, through b and e; and by connecting these arcs 
by another described from g^ with a radius equal to Dd. 

Prob, 81. (PI. III. Fig. 87.) Saving a given line and the 
perpendicular that bisects it; also two lines drawn through a 
given pointy on the perpendicular^ and each making the same 
angle with it; to construct a curve formed of four arcs ofcircks. 
two of these arcs to have equal given radii, and their centres to Ue 
on the given linCj and at equal distances from its eoctremities ; each 
of the other arcs to have equal radii, and to be tangent respeo' 
lively to one of the given lines where it crosses the perpendicular 
and also to one of the first arcs. 

Let CD be the given line ; B the given point on the bisect* 
ing perpendicular; and Bm, Bn, the two lines, drawn 
through Bj making the same angle with the perpendicular. 

1st. From C and D, set off the same distance to b and a, for 
the given radii of the two first ares ; which distance must, 
m all cases, be taken less than the perpendicular distance from 
\he point b OT a, to one of the given lines through B. 

2d. At B draw a perpendicular to the line Bm. 

8d. Set off from B, along this perpendicular, a distance Bd 
dqual Cb. 

4th. Draw a line through bd, and bisect this distance by a 
perpendicular. 

5th. Having marked the point c, where this last perpen- 
dicular crosses the one at Bj draw through d a line, and 
prolong it beyond b. 

6th. From 6, with the distance bC, describe an arc, which 
prolong to the line through be ; this is one of the first required ' 
arcs. 

7th. From c, with a distance cB, describe an arc Thk ii* 
one of the second required arcs. 
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8th. Through a, and ihe point/ where be crosses the per^ 
fpendiciilar BA prolonged, draw a Una 

9th. From a, set off ae equal to be. 

10th. From a and e, with radii respectively equal to bG, and 
eB, describe arcs. These are the othera required ; and OBD 
ihe required curve, 

?fcma7-ft. If the construction is accurate, the perpendicular 
through Ba v7iii Disect me distance ec. 

This curve is termed a four centre obtuse or pointed curve, 
according as the distance AB is less or greater than A C. 
L Prob. 32. (PI. IIL Fig. 38.) Saving a line, and the per- 
^pendicular which bisects it, and a given point on the perpen- 
dicular; to construct a curve formed of Jive arcs of circles, the 
ccmsecutive arcs to be tangent; the centres of two of the arcs to be 
on the given line, and at equal distances from its extremities ; ihe 
radii of the two arcs, respectively tangent to these tjoo, to be equal, 
and of a given length; and the centre of tlie Jlfth arc, which is 
to be tangent to these two last, to lie on the given perpen 
dicular. 

Let AB be the given line, and U the point on its bisecting 
perpendicular LO. 

Ist Take any distance, less than LC, and set it off from B 
to D, and from A tof. 

2d. From set off CO equal to BD, and draw a line from 
GtoD. 

3d. Bisect the distance DG by a perpendicular ; and mark 
the point E, where this perpendicular crosses the perpen- 
dicular i(7 prolonged. 
U 4th. Draw a line from E to D. 

I 5th. Take any distance, less than CE, equal to the given 
tadiua of the second arc, and set it off from C to F. 

6ih. Through i^draw a line /W parallel to aB. 

7th. Take off OF, the difference between CF and CO, and 
with it describe an arc from D ; and mark the points a and b 
where ii crosses the lines DE and FH. 

8th, Take any point c on this arc, between the points a 
and 6, and draw from it a line to F. 

9th. Bisect the line cF by a perpendicular, and mark th< 
liiot ''where it ct'ih^r.-; the perpendicular CL prolonged. 
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lOtb. From c draw a line through D and prolong it ; and 
iooiber from /prolonged through c: 

11th, From c draw a perpendicular to CI: and from i^ 
where it crosses CI, set off dg equal to cdj and mark the 
point g. 

12th. From / draw a Hue through g and prolong it ; and 
©ne from g prolonged through/ 

18. From I) and/ with the distance BD, describe the arcs 
Bm, and Ap ; from c and g, with the distance cm, or gp, 
describe the arcs mw, andpo; and from / with the distance 
10^ describe the arc no. The curve BCA is the one 
rerjtiired. 

liemarka. This curve is also termed a semi oval; and, 
from the number of arcs of which it is composed, a curve o) 
Jive centres. 

pT(Jb. 88. (PI. ni. Fig. 89.) Haviivg two paraOel lines, to 
eonstrv/;t a curve of three centres which shall be tangent to the two 
pa/raUels at their extremities. 

Let AB and CD be the given parallels ; and B and D the 
points at which the required curve is to be drawn tangent. 

1st. From B construct a perpendicular to AB, and mark 
the point b where it crosses CD; and also a perpendicular at 
DUiOD. 

2d. From B, set off any distance Be less than the half of 
Bb ; and through c draw a line parallel to AB, and mark the 
point d where it crosses the perpendicular to CD. 

8d. From c, set off, along cd prolonged, the distance oa 
equal to cB. 

4th. Taking ca, as the radius of the first arc, construct a 
quarter oval by Prob. 30 through the points a and D. 

6th. Prolong the arc described from c to the point B. The 
curve BaD is the one required. 

Remark. This curve is termed a scotia of two centres. 

Prob. 84. (PI. ni. Fig. 40.) Having two parallels, to con- 
struct a quarter of x curve of five centres tangent to them at their 
toctteffMitnes* 

Let AB and CD be the given parallels, and B and D theiz 
extremities. 

1st. Proceed, as in the last case, to draw the perpendicalam 
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*t B, and .D, aud a parallel to AB through a point c, taken 
on the first perpendicular, at a distance from B less than ibfl 
half of Si, 

d. Set oif from c a distance ca equal to cB; and on M 
I and D(i describe the quarter oval \>y Prob. 32, 

d. Prolong the fli'st are from a to B, which will complete 
I tho required curve. 

Bemark. This curve is termed a scotia of three centres. 
Prob. 35. (PI. III. Fig. 41.) Having two parallels and a 
Lfiven point on each, la construct two etjual arcs which shall be 
Blangent to each other and respectively tangent to the parallels at 
■ fte given points. 

IjCt AB and CD be the two parallels ; B and D the given 
ft-points. 

Ist, Draw a line through BD, and bisect the distance 
\BB. 

2d. Bisect each half jB^, and B^B by perpendiculars. 
3d. From B, and I) draw perpendiculars to AB and CD, 
and mark the points a, and b, where they cross the bisecting 
perpendiculars. 

4th, From a, with the distance a^, describe an arc to B; 
and from b, with the same distance, an arc £1). These are 
the required arcs. 

Prob. 36. (PI. III. Fig. 42.) Having two parallels, and a 
point on each, to construct two equal arcs which shall be tangent 
to each ot/ier, have their centres respectively on the parallelSf 
and pass through the given points. 

Let AB and OD be the parallels, B and D the given 
points. 

Ist, Join BZ> by a line and bisect it. 

2d. Bisect each half BM, and ED by a perpendicular ; and 
mark the points a and b, where the perpendiculars cross the 
parallels. 

Sd. From a, with aB, deav;ribe the arc BE; and Irom ^ 
vitb the same distance, the arc D^. These are the required 

■DM. 
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fi.Zl. (PL UL Fig. 43.) ^ovm^ Oe jiUb ^ a traoi^ 

3( v^airuct Ae figure. 

\jA> A C, BC^ and AB be the lengths of the giyen sides. 

I^w Draw a line, and set off npon it the longest side AB. 

'if\. From the point A^ with a radius equal Xo AC^ one of 
WW? f^rnalning sides, describe an arc. 

2d. From the point J?, with the third side BC^ describe a 
^/'/,:A arc, and mark the point C where the arcs gtosb. 

i\t„ \yr'4%:*t lines from C^, to ^ and B, The figure ACB is 
'^r.-^ or.<«j required. 

fO^ffUirk. The side J.t7 might have been set off from B^ 
'*tA hC from A ; this would have given an equal triangle to 
\(^. o'>; constructed, but its vertex would have been placed 

li/Tffifirk. This construction is also used to find the position 
of a fy»int when its distances from two other given points are 
/iv^j. We proceed to make the construction in this case 
WVh the preceding. It will be seen, that the required point 
rAfj take four different positions with respect to the two 
oth^;n4. Two of them, like the vertex of the triangle, will lie 
on one side of the line joining the given points, and the other 
two on the other side of the line. 

/Wy. 88. (PI. III. Fiir. 44.) Having the side of a spiars M 
ccrtrijftrf//:t Otefirpire, 

I>:t A H be the given side. 

Ijit. Draw a line, and set off AB upon it 

2d. Construct perpendiculars at A^ and B^ to AB 

'id. From A and J?, set off the given side on these perpen* 
dicularn to C and D ; and draw a line from C\£>D. The 
figure A BCD Is the one required. 

I^oh. 89. (Pi. III. Fig. 45.) Having Hie ttoo sides of a 
jKiralUUfgram^ and (tie angle contained by them^ to construct thi 
figure. 

Let AB^ and AC be the given sides; and IS the given 
angle. 



PKOBLSMS OF CIBCLSS, &C. 55 

1st. Draw a line, and set off AB upon it 

2d Construct at A an angle equal to the given one bj 
/Vo6. 13. 

8d. Set off, along the side of this angle, from A^ the othei 
given line A C, 

4th. From (7, with the distance AB describe an arc, and 
from B with the distance A C describe another ara 

5th. From the point 2?, where the arcs cross, draw lines to 
C^ and B, The figure ABB C is the one required, 

Prob, 40. (PI. in. Fig. 46.) To circumscribe a given triangle 
by a circle. 

Let ABC be the given triangle. 

As the circumference of the required circle must be 
described through the three given points A, B and (7, its 
centre and radius will be found precisely as in Prob. 19. 

Prob. 41. (PI. m. Fig. 47.) In a given triangle to inscribe 
a circle. 

Let ABO be the given triangle. 

1st By Prob, 16 construct the lines bisecting the angles A, 
and 0; and mark the point I) where these lines cross. 

2d. From B by Prob. 8 construct a perpendicular BJSj to 
AC. 

3d. From Dj with the distance BU, describe a circle. Thia 
IS the one required. 

Prob. 42. (PI. IV. Fig. 48.) In a given circle to inscribe a 
square. 

Let be the centre of the given circle. 

1st Through draw a diameter ABj and a second dia- 
meter CB perpendicular to it 

2d. Draw the lines AC, CB, BB, and BA. The figure 
ABBC is the one required. 

Prob. 43. (PI. IV. Fig. 48.) In a given circle io inscribe a 
regular octagon. 

1st. Having inscribed a square in the circle bisect each of 
its sides ; and through the bisecting points and the centre G 
draw radii. 

2d. Draw lines from the points d, b, a, c, where these radii 
meet the circumference, to the adjacent points jD, Aj &c. The 
figure dAbC&o. is the one required. 
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Bemark. By bisectii^ the sides of the octagon, and draw 
mg radii through the points of bisection, and then drawing 
lines firom the points where these radii meet the circumference 
to the adjacent points of the octagon, a figure of sixteen equal 
Bides can be inscribed, and in like manner one of 82 sides, 

Prob. 44. (PI. rV. Fig. 49.) To inscribe in a given circk 
a regular hexagon. 

Let be the centre of the given circle. 

1st. Having taken off the radius OA^ commence at A^ and 
set it off from A to B^ and from J. to i^, on the circum- 
ference. 

2d. From B set off the same distance to C; and from (7 to 
Z?, and so on to -K 

8d. Draw lines between the adjacent points. The figure 
ABC &c. is the one required. 

Remarh By a process similar to the one employed for 
constructing an octagon from a square, we can, fix>m the 
hexagon, construct a figure of 12 sides ; then one of 24 ; and 
80 on doubling the number of sides. 

Prob. 45. (PI. rV. Fig. 49.) To inscribe in a given circle on 
equilateral triangle. 

Having, as in the last problem, constructed a regular hex* 
agon, draw lines between the alternate angles, bs AC^ CE^ 
and EA ; the figure thus formed is the one required. 

Prob. 46. (PI. IV. Fig. 60.) To inscribe in a given circle a 
regular pentagon. 

Let be the centre of the given circle. 

1st Draw a diameter of the circle AB, and a second one 
CD perpendicular to it. 

2d. Bisect the radius OB, and from the point of bisection 
a set off the distance a (7, to b, along AB. 

Sd. From C, with the radius Cb, describe an arc, and mark 
the points H, and /, where it crosses the circumference of the 
given circle. 

4th. From H, and /, set off the same distance to Q and K 
on the circumference. 

6th. Draw the lines CH, HG, GK, KI, and IC. Th« 
figure CnGKI\a the one required. 
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JVoi. 47. To construct a regular figui 
I ^tall he respectively equal to a given line. 
. Let AB be the given line. 

First Method. (PI. IV. Fig. 50.) 

1st. Construct any circle, and inscribe within it a regular 
figurt), by one of the preceding I^obs. of the same number <rf 
Bidea as the one required. 
I Let U3 suppose for example that the one required is a pen- 
tagon. 

2d. Having constructed this inscribed figure, draw from 
the centre of the circle, through the angular points of the 
figure, lines ; and prolong them outwards, if the side of the 
inscribed figure is less than the given line. 

3d. Prolong any one of the sides, as 01, of the inscribed 
figure, and set oif along it, from the angular point C, a dis- 
tance Om equal to the given line. 

4th. Through m, draw a line parallel to the line drawn 
from through 0, and mark the point n, where it croasea 
the line drawn from through T, 

6th. Tiirough n, draw a line parallel to CI, and mark tha 
point 0, where it crosses the line OC prolonged. 

6th. From 0, set ofl^ along the other lines drawn from G 
through the other angular points, the distances Op, Oq, and 
Or, each equal to Om, or On. 

7th. The points o, p, r, and rt being joined by lines ; th« 
figure opqrn is the one required. 

Second Method. (PI. IV. Fig. 51.) 

Ifat. Draw a line and set off the given line .d5upon it 

2d- At B construct a perpendicular to AB. 

8d. From B, with BA, describe an arc Aa. 

4th. Divide this arc into as many equal parts as number of 
sides in tlie required figure ; and mark the points of division 
from a, 1, 2, 3, &c. 

6th. From A, with AB, deaeribe an arc, and mark tbt 
point c where it crosses the arc Aa. 

6tk From B draw a line through the division point 2. 

7th. From c, set off the distance e2. to b, on the arc Be, 
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8dL From A^ di&ir a Iiii» tiuoizgk h^ aEod msck ^bm paiiU 
where it crosses .32. 

9th. From 'J, \mk the ^ linmi B W OA^ or G^ ffa—wh^ « 
onole. 

lOth. Stat of the diacauce AJ to (Z A Jbx^ chl the ciicumr 



llth. Draw the ines 3C CD. DE, Job. Thia ia the 

iiemixrks^ The djmre taki^L to illnstrata thia oaae ia the 
peiitatajoru :br :he ourroae >f oompajiiu^ die two methoda. 

Liju Iiiacnl^e m :he nrcle a reguiar dsrare of tfaie aune 
auinoer n -iides ii» :ue jne :o be vsrcximscribetL 

«.L -i: "lie ii-.iinku: pouiis .^i the inscribed dgare; drsw 
:aniren:s :o lie i:'.''^!i :ircie, luid murk the oointa where the 
lanirenrs ,»rr.-<. Tliese "Domts Lire :iie angaiar pointa at' the 
rtMum^i. diT'irp, md :iie pomoiiia oi ttie tangsiiB between 
them II": -li sides, 

aiii:i>er.bei rp:r:ii;u: :enraOTa K-ut/, 

p--.'\ -t^. PL IT. r "iT. -ti). r.> 'tiiicr^bti ii .^ircie m cc §ioen, 

l.-r. Zii^ecr in^' rr.^ adiaoeiir sides oi rbe dgnre \rr pexpen- 
die:!!:!:*:-, -iHii iiiai'k: 'lie ?ri:i: "viierr? :iiev v!roaB. 

"2d. J.-nm :Li:a •_:*'iii:, -y-rii "lie iLrrniioe :u the aiie biaecteii^ 
ie.^r,r:he i 2::'^:>- Tliii -.i tiie one n^^Mired. 

.->;?/i:;*v.'. Tde d;riri 'ukjn :c .lli^rruDe this oaae ia the 

rp-n-i-i' -lexac:':^" : ?;,? irid ?_j .ir? 'lie uiTuoeac :2ides biaeciaed 

b^ "'le "er^er.iiiiv;'.:i:*.- -v' -iieiii i . .i::d ."_ ; '_ ia the centre 
» - ■ ■ " - 

I ^'■.-•^•ji 'irrnh^^ ^r -^.jua' ':."r< 'c:ilc:i <ha'^l .'r* xl.'kjvtic 3i Ae 'jfmn, 

1-r. Li'ide Me -urc-miiereLice .^.v a;? zillzt eiTual parta^ br 
-ine? irav^.; :V:iu J. is 'lie r.'izi*:er cf cirriles to be 
ln8crrr>»!i. Let is Z3lJl^ :l:r ill.i^rranrtu sjc as the 
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2d. Bisect the angle, as DOB^ between any twc of theee 
lines of division, and prolong out the bisecting line. 

3d. Construct a tangent to the given circle at either J5, or f^ 
2?, and mark the point a where this tangent crosses the 
bisecting line. 

4th. From a, set off aB to J, along the bisecting line. 

5th. At h construct a perpendicular to Oa, and mark the 
point c where it crosses OB. 

6th. From c, with the distance cJ?, describe a circle. This 
is one of the required circles. 

7th. From the other points of division, 2?, &c., set off 
the same distance Bc^ and from the points thus set off with 
this distance describe circles. These are the other required 
circles. 

Proh, 51. (PI. rV. Fig. 52.) To circumscribe a given circle 
by a given number of circles tangent to itj and to each other. 

1st. Having divided the given circle into a number of 
equal parts, the same as the given number of required circles; 
bisect, in the same way, the angle between any two adjacent 
lines of division. 

Let us take for illustration six as the number of required 
circles. 

2d. Prolong outwards one of the lines of division, as 0Z>, 
and also the line, as Od, that bisects the angle between it and 
the adjacent line of division Oa. Construct a tangent at 2? 
to the given circle ; and mark the point /where it crosses the 
bisecting line. 

3d. From/ set off /D' to c?, along the bisecting line ; and 
at rf, construct a perpendicular to this line, and mark the point 
g where it crosses the line OD'. 

4th. From g, with the distance gD\ or gd, describe a circle. 
This is one of the required circles. 

5th. Prolong outwards the other lines of division ; and set 
off along them, from the points where they cross the circum- 
ference, the distance Bg ; and from these points with thii 
distance describe circles. These are the remaining required 
droles. 
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COK^TBUCTION OF PROPORTIONAL LiNES AND FiGUBSB. 

Prcb. 52. (PI. IV. Fig. 53.) To divide a given line iniii 
parts which shall he proportional to two other given lines. 

Let AB be the given line to be divided ; ac and cb the 
other given lines. 

1st. Through A draw any line making an angle with 
AB. 

2d. From A set off Ac equal to ac : and from c the other 
line cb. 

3d. Draw a line through B, b ; and through c a parallel to 
Bbj and mark the point where it crosses AB. This is the 
required point of division ; and AC is to CB as oc is to 
cb. 

Prob. 53. (PI. IV. Fig. 54.) To divide a line into any 
number of parts which shall he in any given proportion to each 
other, or to the same number of given lines. 

Let AB be the given line, and let the number of pro- 
portional parts for example into which it is to be divided 
be four, these parts being to each other as the numbers 8, 5, 7, 
and 2, or lines of these lengths. 

1st. Through A draw any line making an angle with 
AB. 

2d. From any scale of equal parts take off three divisians, 
and set this distance off from AtoS; from 3 set off five of 
the same divisions to 5 ; from 5 set off seven to 7; and from 
7 two to 2. 

8d. Draw a line through £2, and parallels to it through 
tne points 7, 5, and 3, and mark the points d, c, and b where 
the parallels cross AB. The distances Ah, he, cd, and dB are 
those required. 

Remark. Any distance from a point, as A for example, on 
AB^U) any other point as c?, is to the distance from this point 
to any other, as Ab for example, as is the corresponding 
distance J.7 to ^3, on the line A2. * 

Prdb. 54. (PL IV. Fig. 55.) To find a fmrth proportiamak 
to three given lines. 
Let ai, &c, and ad be the three given lines to which it if 
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' reqmreJ to find a fourth proportiooal « Uch sliaU he to ad u 
a& is to ac. 

1st Draw a Hue, and, &om a point A, set off AB equal tc 

ab ; and BC equal to be. 

2d, Through A draw any line, and set off upon it AD, 
equal to ad. 

3d. Draw a line through DB, aad a parallel to DB through 
C, and mark the point E where this crosses the line drawn 
through A. The distance DE is the required fourth pro- 
portional. 

Prob. 55. (PI. IV. Fig. 56.) To find the line which is a 
mean proportional to two given lines. 
Let ab and be be the given lines. 

1st. Draw a line, and set off on it AB, and BC, equal 
respectively to ab, and be. 

2d, Bisect the distance A C, and, from the bisecting point 
0, describe a semicircle with the radius 00. 

3d. At B construct a perpendicular to A C; and mark the 
point D where it crosses the circumference. The distance 
BD is the line required ; and ah is to BD as BD is to 
be. 

Prab. 66. (PI. IV. Fig. 57.) To divide a given line into 
(wo parts, such that the entire line shall be to one of the parts, as 
this part is to the other. 

Let aJ be the given line. 

1st, Draw a line, and set off AB equal to ab ; and at B 
construct a perpendicular to AB. 

2d. Set off on the perpendicular BD equal to the half of 
AB, and draw a line through AD, 

3d. From D, with DB, describe an arc, and mark the point 
C, where it crosses AD. 

4th. From A, with AO, describe an arc, and mark the point 
E, where it crosses AB. The point E is the one required ; 
and J..S ia to AE, aa ^£ is to EB. 

liemark. This construction is used for inscribing a regulai 
decagon in a given circle. To do this divide the radius of the 
given circle in the manner just described. The larger portion 
ig the aide of the required regular decagon. 

Having described the regular decagon, the regular pen 
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tigoXi can be formed, by dxawing lines through the altematt 
angles of the decagon. 

Prcb, 57. (PL IV, Fig. 58.) Having any given figure, to 
construct another^ Hie angles of which shall be Jhe same as the 
angles of the given figure, and the sides shall be in a given pro- 
portion to its sides. 

Let ABCDEF he the given figure. 

1st. Prolong any two of the adjacent sides of the given 
figure, as AB, and AF, if the one required is to be greater 
than the given one; and, from A, draw lines through the 
other angular points (7, D, and K 

2d. From A set off a distance Ab, which is in the same 
proportion to AB, as the side of the required figure corres- 
ponaing to BC, is to BC; or, in other words, AB must be 
contained as many times in Ab as BGis in the corresponding 
side of the required figure. 

8d. From b draw a line parallel to BC, and mark the point 
c, where it crosses A G prolonged ; from c draw a parallel to 
CD, and mark the point where it crosses AD prolonged ; and 
so on for each required side. The figure Abcdef is the one 
required. 



Construction of Equivalent Figures. 

Prob. 58. (PI. IV. Fig. 59.) To construct a triangle which 
shall be equivalent to a given parallelogram. 

Let ABCD be the given parallelogram. 

1st. Prolong the base AB, and set off BE equal to AB. 

2d. Draw lines from C, to A and E. The triangle ACE is 
the one required. 

Prob. 59. (PL IV. Fig. 60.) To construct a triangle which 
shall be equivalent to a given quadrilateral. 

Let ABCD be the given quadrilateral. 

1st. iJraw a diagonal, as AC. 

2d. From B the adjacent angle to C, to which the diagonal 
b drawn, draw a line parallel to A C, prolong the side AB 
opposite to BC, and mark the point F, where it crosses ths 
parallel to A C. 
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8d. Draw a line from Cto F. The triangle FCD is tlie on« 
required. 

Prob. 60. (PI. IV. Fig. 61.) To construct a triangle equiva- 
lent to any given polygon. 

Let ABCDEFG be the given polygon. 

1st. Take any side, as AB^ as a base, and, from A and B^ 
draw the diagonals AF and BD to the alternate angles to 
A and B, 

2d. From O and (7, the adjacent angles, draw Oa parallel 
to FA, and Cb to DB. 

8d. From the alternate angles F and i), draw the lines 
Fa and i)&. A figure abDEF is thus formed, which is 
equivalent to the given one, and having two sides less 
than it. 

4th. From the angles a and 6, at the base of this new 
figure, draw diagonals to the alternate angles, to a and b (in 
the Fig. this is the angle E\ and proceed, precisely as in the 
3d operation, to form another figure equivalent to the last 
formed, and having two sides less than it. Proceed in this 
way until a quadrilateral or pentagon is formed equivalent 
to the given figure, and convert this last into its equivalent 
triangle, which will be the one required. The case taken for 
illustration is a heptagon, and HEI is the equivalent 
triangle. 

Prob. 61^ To construct a triangle equivalent to any regular 
polygon. 

1st. By Prob. 49 find the radius of the circle inscribed in 
the polygon. 

2d. Set off on a right line a distance equal to half the sum 
of the sides of the polygon. This distance will be the base 
of the equivalent triangle, and the radius of the inscribed 
circle its perpendicular or altitude. 



CONSTKUCTION OF CURVED LiNES BY POINTS. 

Prob. 62. (PL IV. Fig. 62.) To construct an ellipse on given 
^ansverse and conjugate diameters. 
D^nitions. An ellipse is an oval-shaped curve. The line 
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A — B that divides it into two equal and symmetrical parts ii 
termed the transverse axis. The line C—D^ perpendicular to 
the transverse at its centre point, is termed the conjugate axis. 
The points A and B are termed the vertices of the curve. The 
points E and F^ on the transverse axis, which are at a dis- 
tance from the points G and i?, the extremities ©f the con- 
jugate, equal to the semi-transverse — -4, are termed the 
foci of the ellipse. 

The ellipse has the characteristic feature that the sum of 
any two lines, as m — E and m — F^ drawn from a point, as m^ 
on the curve to the foci, is equal to the transverse Axis. It is 
this characteristic property that is used in constructing the 
curve by points. 

First Method. 

Let ab be the length of the transverse, and cd that of the 
conjugate diameter. 

1st. Set off abj from A to B, on any line, bisect AB by a 
perpendicular, and set off on this perpendicular the equal 
distances OC, and Oi?, each equal to the half of cd. 

2d. From (7, with the radius OA^ describe an arc, and 
mark carefully the points E and Fj where it crosses AB. 

8d. From A^ take off any distance Ab, and mark the 
point b. 

4th. With the distance Ab describe an arc from E. and a 
like one from F. 

6th. Take off the remaining portion bB of AB; and with 
it describe from the points E and F arcs, and mark the points 
m, n, 0, py where these arcs cross. These are four points of 
the required ellipse. 

6th. To obtain other points of the curve take any other 
point on AB, as c; and with this distances Ac and cB, 
describe arcs from E and F, as before. The points where 
these cross are four more points ; and so on for as many as 
may be required. 

Second Method. 

Having cut a narrow strip of stiff paper, so that one of itR 
edges shall be a straight line, mark off from the end of thia 
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iitrip, along the straight edge, a distance rt equal to AO, half 
\(he transverse axis of the ellipse; and from the same point 8 
(distance rs equal to OC, half the conjugate axis. 

1st. Place the atrip thus prepared so as to bring the point 

2 the line ^B of the transverse axis, and the point ( on the 

3 CD; having the strip in this position, mark on the 
[drawing the position of the point r; this is one point of thr 

iquired carve. 
Id. Shift the strip of paper to a new position, to the right 

r left of the first, and having fixed it so that the point s ia 
■pn AB, and the point t on CD, mark the second position of 
e point r ; this ia the second point of the ;;urve. 
By placing the strip so that the first point marked may be 
near A, and gradually shifting it towards C, aa many points 
may be marked as may be wanted ; and bo on for the 
remainder of the curve. 

3d, Through the points thus marked draw a curved line. 
It will be the required ellipse. 

Bemark. The accuracy of the curve when completed will 
depend upon the steadiness of hand and correctness of eye of 
the draftsman. When the points of the curve have been 
obtained by the first method, the accuracy of their posttioa 
may be tested as follows : — Joining the corresponding points, 
as m and n, or o and p, above and below the line AB, by 
tight lines, these lines mn and op will be perpendicular to 
AB, and be bisected by it if the construction is cor- 
rect. 

Proh. 63. (PI. T. Fig. 63.) Having the transverse axis of 
an eUipse, and one point of the curve, to constrxict the conjugate 
axis. 

Let AB be the transverse axis; and a the given point. 

Ist. Bisect AB by a perpendicular ; and from the centre 
point 0, with a radius' OA, describe a semicircle. 

2d. Construct, from a, a perpendicular to AB, and mark 
wie point c where it crosses the semicircle. 

Sd. Join and c ; and from a draw a parallel to AB, and 
uurk the point r where the parallel crosses Oc. 

4th, From 0, set off Oria C on the perpendicular. The 
HBtniice 0(7 is the required semi-conjugate axis. 
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Semark. Having the semi-conjugate other points of the 
curve can be found, as in the preceding Prdb. 

Prob. 64. (PI. V. Fig. 63.) At a point on the curve of an 
ellipse to construct a tangent to ike curve. 

Let m be the point at which the tangent is to be 
drawn. 

1st. With OA^ as a radius, describe a semicircle on AB, 

2d. From m construct a perpendicular mq to AB^ and mark 
the point n, where it crosses the semicircle. 

3d. At n construct a tangent to the semicircle, and prolong 
it to cut the transverse axis prolonged at^. 

4th. Through p and m draw a line. This is the required 
tangent 

Prdb. 65. (PL V. Fig. 63.) From a paint toithout an 
ellipse to construct a tangent to the curve. 

Let D be the given point from which the tangent is to be 
drawn. 

1st. Join the point D with the centre of the ellipse, and 
mark the point e where this line cuts the ellipse. 

2d. From 0, with the radius OA^ describe the semicircle 
AhB. . 

3d. Through e draw a perpendicular eg to the transverse 
axis, and mark the point g where it cuts the semi- 
circle. 

4th. Through the point D draw a perpendicular Df to the 
transverse axis, and prolong it towards d, 

5th. From draw a line through ^, prolong it to cut the 
perpendicular Df and mark the point d of intersection. 

6th. From c?, by Prdb. 22, construct a tangent to the semi- 
circle, and mark the point h of contact. 

7th. From h draw a perpendicular hh to the transverse 
axis, and mark the point i where it cuts the ellipse. 

8th. From D the given point draw a line through i. Thia 
is the required tangent. 

Remark. The other tangent from D to the ellipse can be 
readily obtained by constructing the second tangent to the 
circle, and from it finding the point on the ellipse which 
corresponds to the one on the circle, in the same manner aii 
the point % is found from h. 



CONSTRUCTION OF CURVKU LIN.S3 BY POINTS. 



67 



Prab. 66. (H. IT. Fig. 64.) lb copy a given curvt bf 

t A CD be the given curve to be copied. 

1st, Draw any line as AB across the curve. 

2d. Commencing at A aet off along AB any number of 
equal distances as Al, 1 — 2, 2 — 3, &c. 

3d. Through the points 1, 2, 3, ka., construct perpendioo- 
lars to AB, and prolong them to cut the curve at m, n, o, p, 
&c. 

4th, Having drawn a right line, set off on it the equal 
distances A — 1, 1 — 2, &c., taken off from the line AB, and 
through the points thus aet off on the second line draw per- 
pendiculars to it. From the points where these perpendicu- 
lars cross the line, commencing at the first, set off the 
distances 1 — m, 2 — o, ic., on the portion of the perpendicu- 
lars above the line ; and the distances 1 — n, 2 — p, &c., below 
it. The curve drawn through the points thus set off will bo 
a copy of the given one ; the accuracy of the copy depending 
on the skill of the draftsman. 

Prob. 67. (PI. IV. Figs. 65, 66.) To make a copy of a 
given curve, so that the lines of the copy shall be greater or smalls 
than Vie corresponding lines ofOie given curve in any given pro- 
portion. 

lat. Having drawn a line AB across the curve (Fig. 64) 
Bet off along it the equal distances A — 1, 1 — 2, Ac, and 
through the points 1, 2, &c., construct perpendiculars to AB, 
and prolong them to cut the curve on each side of it 

2d. Draw any line, as ab (Fig. 65), on which set off equal 
distances a — i, 1 — 2, ha., each in the given proportion, take 
for example that of 1 to 3, to those set off on the given 
figure, that ia, make a — 1 the one-third of A — 1, &c., and 
through the points 1, 2, &c., construct perpendiculars to 
lb. 

4th, Set off any given line cd (Fig. 66), with the distanoa 
ed deacribe two arcs, and join the point e, where they cross, 
with c, and d. 

5th. From e aet off e/'and eg, each equal to one-third of ed^ 
ind join/and (?. 

6th. From c set off cm, equal to 1 — M (Fig. 64^ ; co equal 
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2 — o, Jit: ; Join e with the points m, o, kc. ; and mark th4 
pointB r, s, &c., where these lines cross _;5f- 

7tli. Set off the distance Jr from 1 to m (F^g. 65); /s from 
2 to 0, iiC The pointa m, o, &c., are points of the required 
copy. In like. manner the distances ?i, j), &c., below a6, ara 
constructed. 

Remark, The method here used (Fig. 66) for constructing 
the proportional distances /r,/s, ike., to those cm, co, kc, can 
be used in all like cases, as for example in Prob. 17. It 
furnishes one of the most accurate methods for such cases, as 
the lines drawn from c cross the liue _^ so as to mark the 
points of crossing r, s, &c., with great accuracy. 

Prob. 68. (PI. V. Fig. 67.) Through tfiree given points to 
describe an arc of a circle by points. 

Let A, B, and C be the given points. 

1st. From A, with the radius A C, the distance between the 
points ferthest apart, describe an arc Co- and from Cwitfa 
the same radius an arc Ap. 

2d. From A and G, through £, draw lines, and prolong 
them to a and b on the arcs. 

3d From b, set off any number of equal arcs b — 1, 1—2, 
Ac., above b; and from a the same number of equal area 
below a. 

4th. From C, draw lines C— 1, — 2, kc, to the points 
above b ; and from A lines A — 1, &c., to the corresponding 
points below a. 

5th. Mark the points, as m, &c., where the corresponding 
lines A — 1 and G — 1, &c., cross. These are points of the 
curve. 

6th. Having set off equal arcs below i, and like ares above 
o, join the corresponding points with A and C. The points 
n, &c., to the left of B, are pointa of the required curve. 

Bemark. This construction is only useful when, from the 
position of the given points, the centre of the circle which 
would pass through them cannot be constructed. 

Prub. 69. (PI. V. Fig. 68.) Having given the axia, tiu 
vertex, and a point of a parabola, to find other points oj Ha 
ewri'e and describe it. 
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Let AB be the axis ; A the -vertex ; and the given 
point. 

1st. From C draw a. perpendicular to AB, and mark the 
point d where it crossea AB. 

2d. At A construct a perpendicular to AB, and from C ft 
parallel to AB, and mark the point i'' where these two lines 

Sd. Divide Cd and CF respectively into the same number 
of equal parts, say four for example. 

4th. From the points of division 1, 2, 3, on Cd draw 
parallels to AB ; and from ihe point A lines to the points 
1, 2, 3 on CF. 

5th. Mark the points x, y, z, where the lines from A croea 
the corresponding parallels to AB. These will be the required 
points through which the curve is traced. 

6th. Through the points x, y, z, drawing perpendiculars to 
AB, and from the points a, b, c, where they cross it, setting 
off distances aa/, bi/, and ca' respectively equal to aa:, &c. ; 
the points x', y', s' will be the portion AB of the curve below 
AB. 

Prob. 70. (PI. V. Fig. 69.) Saving given the diameter of 
a circle, la construct a right line which shall be equal in length to 
its circumference. 

Let AMhs the given diameter. 

1st. Draw a right line, and having, from any convenient 
scale of equal parts, taken off a distance greater than the 
given diameter, and equal to 113 of these equal parts, set it 
off from atob. 

2d. From a and J, with the distance ah, descnbe arcs, and 
from the point c, where they cross each other, draw lines 
through a and b. 

3d. Take off from the scale a distance equal to 355 equal 
parts, and set it off from c, to d, and e, on the lines drawn 
through a and b ; and join the points d and e. 

4th. From a, set off on ab, the distance am, equal to the 
given diameter AJlf; and from c, draw a line through m, and 
prolong it to cross de at n. The distance dn is the tequirod 
length of the ciroumference. 
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lAme Shading. 

l,Fl(U§imU. ItisaftenneoeGBaiytooowaBiufMe widi 
eqiii-disUnt parallel lines. This is good pnctioe for the 
eje, as well as the hand, as the distance between the lines 
ahould be obtained b v the e je alone ; use the triangles for 
diis, sliding one along the other or, better, against the sqnare. 

When the spacing is nnif orm and the lines smooth, it givea 
the effect of a flat tint If, while doing this, jou should hap- 
pen to make a space laiger, or smaller, than the precedingi 
do not make the next line at the r^olar distanoe from the 
last, as this wonld make the break in the spacing more notice- 
able, bnt gradoallj reduce, or increase this distance until the 
regular space is reached, and then continue with that. 

These irregularities in spacing are less noticeable where 
the spacing is coarse ; so that it is well in beginning to make 
the lines at least ^^ of an inch apart With practice this can 
be reduced; the fineness of the spacing should have some 
reference to the size of the figure. 

This kind of shading is used mostly for sections, as shown 
in Fig. 156. PL XVTL ; it being customary to run the lines 
45^ in either direction. Where the sections of two bodies 
join, as in Fig. 3. PL I.* let the lines run in opposite direc- 
tions ; where there are more than two bodies, try to arrange 
ao that on no two adjacent ones the lines run in the same 
direction ; if necessary change the angle. 

For practice take four rectangles and cover with lines, ai 
ahown in Fig. 2. PL I*. Afterwards try Figs. 3, 4, 5, using 
finer spacing. The student can easily vary these figures. 



^K>e 



TnrmrQ ahd bsadiho. fl 

2. Oraduated itnts. There ai-e two methods by which & 
graduated tiut ma; be obtained ; first, by varying the distancef 
without changing the size of the line (PI. 1*. Fig. 6), or sec- 
ond, by chauging the size of the lines as well as the distances 
(PI. 1* Fig. 7j. The effect of the last method is the best; 
always shade from the dark line to the light. Try shading a 
rectangle by each method. 

For furtiier practice try the shading of an hexagonal prism 
;»iid cylinder; as seen in Figs. 8 and 9, PI. I,*, the shading 
on these stirfacscs is made tip uf &a.t and graduated tints. 
When shading the cylinder make the darkest line first, and 
shade both ways from it ; the shade on the left-hand side 
should be made from left to right. 

[ Figs. 10 and 11, PI. I.* give practice with the compasses 
fin producing graduated tints. In the tirst (fig. 10), each 
■circle is to be completed with a uniform line, the shade being 
lightest towards the centre ; in the second (fig. 11), each circle 
,ade with tapering lines. 
It requires some practice to make a tapering line with the 
[passes; when the circle is to be complete, set the pen to 
le size of the finest part and describe the circle; then 
separate the points of the pen a little, and sweep o^er the 
heaviest part of the circle ; if the pen is brought in contact 
with the paper, and also takeu from it while it is being turned, 
and the pressure upon the paper ia varied, making it greatest 
at the darkest part of the circle, a very good taper can be 
given to the line. It would be well to protect the centre ia 
making these figures. 
W The rules for locating the dark and light parts on the solids 
Fjnst mentioned, ai'e given in the chapter on shading ; they 
are introduced here merely for practice, and the examples 
given will be sufficient guides. 

L India Ink Shading. 

F 3. j^t tints. Tinting with India ink is a quicker and 
easier method of shading than by the use of lines. 

For tinting one needs to have at hand a tumbler of clean 
WBt^r and two or three brushea of difterent sizes ; those with 
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largo bodies and fine points are best, as they will hoti cunsid- 
erable tint To prepare the tint, rub the cake o£ iuir upoo 
the tile and then talie from tliat -n-itli a bruBli, and mix with 
tlie water in the tumbler, nntil tlie desired shade is obtained. 
Care should be taken that the brush and tumbler are perfectly 
clean, and it is well to keep the tumbler covered after the tint 
is prepared. Do not make the tint as dark as you wish it 
upon the drawing, when finished; it is much easier to lay a 
light tint smoothly, than a dark oue, so that it is better to get 
the depth of shade required by successive washes ; let each 
wash dry before laying another. 

As a rule, it is better to go over the surface to be tinted 
fii-st witli clean water, as the fii-st wash will lay smoother; and 
if the fii'st wash is spotted, it will show through all the rest; 
this damping is especially necessai-y if the tint used is dark, 
or the surface large ; when the surface is small, and some 
skill has been acquired, the damping may be omitted. 

Do not use India rubber upon the surface to be tinted, as 
it is difiicult to lay a smooth tint afterwai'ds; avoid also rest- 
ing the hands upon the surface, as any moisture from them 
will affect the flow of the tint. 

Por practice try laying flat tints upon rectangles of differ- 
ent sizes, commencing with small ones. When doing this, 
commence at the top and work down, keeping the advancing 
edge nearly horizontal and always wet ; let the board be in- 
clined a little, so that the tint will follow the brush; upon 
reaching the bottom of the rectangle, if tbere is any amrploa 
tint upon tlie paper, it should be removed with the brash, 
having fii-st wiped it dry. 

Try next some surface where it is necessary to watch two 
or more edges, to see that they do not get dry ; the space be- 
tween two concentric cii'cles will do, or trace the outlines of 
the irregular curve upon paper, and either tint the curve or 
else tint around the curve, leaving that white. Let the outlines 
of surfaces to be tinted be fine hard pencil lines; with care 
in. laying the tints, they make the beat finish for the edge, but 
where the edge has become uneven, a iiim light line of iok 
will improve it, 

i. Graduated tinia. Ilaving acquired some skiil in laying 
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rilftt tints, try next a gradnated tint. There are several methods 
of doing this, one of which is by 

Flat tints. When it is desired to tint a rectangle so that 
it shall be darkest at the top, and shade off lighter towards 
the bottom, divide the sides into any number of equal parts 
with pencil marks (PI. I.* Fig. 12.) ; commencing at the top, 
lay a flat tint upon the Hint space ; when this is dry, commence 
at the top and lay a flat tint over the firet two spaces. Pro- 
ceed in this way, commencing at the top each time, until the 
whole rectangle is covered; by making the divisions of the 
rectangle quite small, the effect is more pleasing. See that 
the lower edges of the fiat tints ai-e as straight as possible, for 
they show through the succeeding tints, and detract much fi-om 
the appearance when irregular ; it is not well to make thedivi- 
aion marks across the surface, as they would be likely to show. 
There must be suflicient time between the tints to allow 

ri^e top space to dry, else some of its tint will be washed to 

I Jie spaces below, und when completed, the upper spaces of 

r he rectangle will have the same tint. 

t is better to follow the order given, instead of going over 
■iie whole surface for the first tint, and reducing the surface, 
jy one space, for each succeeding tint ; by the first method 
■Jje edges are covered by the over-laying tints, and a softer 
appearance is given than would be obtained by the second 
^n thod. Figs. 11, 12, PI. I.**, give examples of shading with 
dat tints. 

5 Softened tints. This gives & much smoother appearance 
than the last method. Divide the rectangle as before, and 
lint the first space ; but instead of Jetting the edge dry, as a 
line, wash it out with clean water ; wash out the edge of each 
tint in the same way ; and when finished, there will not be 
itoy abrupt changes from one tint to another, as in the last 
method. 

6, Dry shading. First tint the rectangle by the method 
of flat tints ; then keeping the brush pretty dry, so tliat tlie 
strokes disappear about as fast as made, use it as you would 
a pencil, and shade between the edges until they disappear; 
keep the point of the brush pretty fine, and make the strokei 
short and parallel to the edges. 
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1. In mechanical drawing different materials may be repre- 
sented by appropriate conventional coloring, which is OBually 
done in finished drawings; or else by simply drawing the 
outlines of the parts in projection, and drawing lines across 
them according to some rule agreed upon, to represent stone, 
wood, iron, etc. Although there ia no uniformity in the use 
of conventional tints, the following will be found couTenient 
for this purpose : 

Cast iron, Payne's grey. 

Wrought iron, Prussian blue. 

Steel, Prussian blue and carmine. 

Gamboge. 

Gamboge and carmine. 
Sepia and yellow ochre. 
Light red. 
Burnt Sienna. 
Burnt Umber. 

night be used instead of 
e be added to the 



Brass, 

Copper, 
L Stone, 
I Brick, 

Wood, 
Earth, 

For stone a light tint of India ink 
the coloi-s given above; if a little 
light red, when used to represent brick, it will make a 
brighter color; raw sienna might be nsed instead of burnt 
fiienna for wood. 

3, Wood. When the drawing is on a small scale, the out- 
lines only of a beam of timber are drawn in projection, when 
the Bides are the parts projected, PI. VII. Fig. 88 ; when the 
end is the part projected, the two diagonals of the figure are 
drawn on the projection. 

If a longitudinal section of the beam is to be shown, PL 
VII. Fig. 8ft, fine parallel lines are drawn lengthwi§B. In a 
cross section, tine oarallel lines diagonally. 
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Where die seale is anffieientiT Inge to ftdnnt of mne 
reiemblwioe to liie actnml appearance of liie objeet beng 
attempted, lines may be drawn on the projection of Ihe sde 
of the beam, PL VTL £^ 90, to represent tiie appearance of 
tiie fibres of tiie wood ; and the same on die end& 

In longitudinal aectfona tlie appearance of the fibres may 
be expressed, PL VTL Fig. 91, with fine parallel lines drawn 
over diem lengthwise. Li cross aections die grain may be 
shown, as in the projection of die enda^ with fine parallel lines 
diagonally. 

Figa 13, 14^ 15, PL L*, give additional examples of die 
mediod of representing wood in line drawings^ Before at- 
tempting to represent graining, it would be well to examine 
the graining of wood in die matmal itself, and to have a 
piece at hand to imitate; in the floor of the drawing-room 
may often be foond good examples. 

In b^inning to grain a timber, make the knots first, and 
then fill in the remaining space with lines, arranging so as to 
enclose the knots ; until some practice has been acquired, it 
-vonld be well to pencil the graining before inking. The sixe 
of the knots should have some reference to the size of die tim- 
ber ; let the graining lines be made with a line steel pen, using 
light ink; where the wood is to be colored, apply the tint be- 
fore graining. 

When the timber is large, use a brush to make the grain- 
ing ; if it is to be colored, use a dark tint of burnt sienna for 
the lines, and wash over with a lifter tint of die same ; Mrhen 
using the brush for graining, make the points of the knots 
widest, as in Fig. 15, PL L* ; it would add also to the looks 
of graining made with a pen to widen the ends of the knots 
with the brush. 

Fig. 14, PL L*, differs from Fig. 13 only in having a series 
of short marks introduced in the graining ; if desired to dia- 
tingnish between soft and hard wood, let Fig. 13 represent 
soft, and Fig. 14 hard wood. 

In Fig. 15, PI. L*, the graining is made up of a series of 
phort hatches ; when done nicely, this gives a ^ery good effect 
This style may also be used to represent hard wood. 

ITie cross sections, Figs. 13, 14, 15, PL L*, are shown by a 
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ieriee of concentric circles, with a few iines radiating from 
the centre, representing cracks ; use the bow compiissee to 
describe the eireles, from a centre either within or without 
the Bfcction. "Wlien the section is narrow, as at a, Fig. 13, 
PI. I.*, parallel straight lines are Biifficient 

To represent the end of the timber as broken, let the line 
be made up of a series of sharp points. Wliere a number of 
adjoining planks are represented as broken along nearly the 
same line, let the end of each be distinct, as in Fig. 1, P!. I.* 

3. Masonry. In drawings on a small scale, tlie outlines of 
the principal parts are alone put down on the projections; 
and on the pai-ta cut, fine parallel wavy lines, drawn either 
Terticallj or horizontally aci-oss, are put in. 

In di-awings to a scale sufflciently large to exhibit the de- 
tails of the parts, lines may be drawn on the elevations, PI. 
VII. Fig. 9S, to show either the general character of the com- 
bination of the parte, or else the outline of each part in de- 
tail, as the case may I'djuire, In like manner in section, the 
outhne of each part, PI. YII, Fig. 93, in detail, or else lines 
showing the general arrangement, may be di-awn, and over 
these fine parallel lines. 

Figs. 16-23, PI. I.*,give additional examples of stone work. 
In Figs. 16, 17 there is a ledge cut around each stone, and 
sunk below the face. The face may be dressed with a pick. 
Fig. 17, or it might be left rough, and represented as in Figa. 
21-23, PI. I.*. Fig. 16 would be the method of representing 
anch stone work in a line drawing ; the lower and right-hand 
lines of the inner rectangle slionld be heavy. 

Fig. 18, PI. I.*, represents the surface of the stone as 
finished ; where a number of stones come together, leave a 
narrow line of light at the top and left-hand edges of each. 

In Figs. 19, 20, PI. I.*, the edges of the stones are bevelled, 
and the surfaces finished. Fig. 19 is the method of repre- 
senting in a line drawing. For a finished shaded drawing, 
Fig. 20 would do, shaded with the stone tint alone, or with 
India ink first, and then a fiat stone tint ; the depth of shade 
upon each face of the stone is shown in the example 
given, 

;, 21-23, PL I.*, give difierent methods of represeutio 
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Mone where the juinta onl^ are dieeeed, and tho facee left 
roiigb. 

4. Metals. The conventional colors for the different metals 
have already been given. 

To represent metal as broken, the line ebould be somewhat 
irregular, but not aa much so as for the breaking of wood; 
Fig. 1'. PL I.* gives examples of the customary method of 
showing the broken ends of rods, bars, etc. ; the parallel lines 
may be either black or the conventional color. 

5. Marlh. In vertical sections extending below the level of 
the ground it may be necessary to show the section of the 
earth, etc., around the foundations. If the soil is commoa 
earth this may be done, as shown in PI. VIII. Fig. 94. If 
Band, as in PI. VIU. Fig. 95. If stony, as in PI. VIIL Fig. 
96. If solid rock, as in Pi. VIII. Fig. 97. Where the earth 
is embanked its section may be shown, s& in PI. YIII. Fig. 98. 

If it is desired to color the sections of eartli, let a flat tint 
of burnt umber be laid first, the lower edge being washed 
out, then when dry the lines may be drawn over it with a 
pen ; or, after laying the flat tint of burnt umber, with the 
brnsh, make a series of short horizontal strokes over the wash 
already laid, varying the shade of the tint for the strokes, 
some being quite dark. 

6. Water. This is represented as in Fig. 24. PI. L* by 
horizontal lines ; for colored drawings make the lines blue. 

Fig, 24. PI. I.* represents a section of a canal ; for practioe 
let this bo drawn and fliiiahed in colors. 



OOVSTBUOnON OF BEGITLAB FIOUBSS. 79 



CHAPTER VX 

OOErSTBUOnOK OF BBGULAB FIOUBEB. 

1. The following figures are valuable as exercises in oou- 
■traction. Simple as they may seem, one trial will convince 
that care is necessary in every step to secure a good result ; 
let the construction lines be fine and light and the intersec- 
tions good. These figures afiPord further practice for tinting 
both with lines and colors ; use different shades of the same 
color, or different colors, laying the lightest first The arrange- 
ment indicated upon the figures may be followed, or changed 
to suit the taste. 

2. To represent a pavement made up of squares. (PI. I.** 
Fig. 1.) Divide the lower side into any number of equal 
parts, and through the points of division draw lines 45° both 
ways ; if through the points where these diagonals meet the 
sides, diagonal lines be drawn, they will complete the figure. 

3. To represent a pavement of equilateral triangles. (PI. 
I.** Fig. 2.) Divide the lower side into any number of equal 
parts, and through these points draw lines 60° each way ; 
through the points in which these intersect, draw horizontal 
lines. 

4. To represent a pavement of hexagons. (PI. I.** Fig. 3.) 
Having given the side of the hexagon, lay it off any number 
of times upon the side, and draw lines 60° through these 
points; the method of completing the figure will then be 
apparent \ acia equal to half the side of the hexagon. 

5. To represent a pavement made up of octagons and 
squares. (PL I.** Fig. 4.) Divide the surface first into 
squai'es ; then construct an octagon in one of these ; if it is 
desired to have a regular octagon, it may be done by taking 
half of the diagonal of the square as a radius and describing 
arcs from each comer of the square as a centre, until they in- 
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tenect the sides ; this is indicated in one of the squares of the 
figure. After constructing one octagon, the others may be 
obtained from it by projecting, as shown by the dotted lines. 

6. To represent a pavement made v/p of isosceles triangles. 
(PL I.** Fig. 5.) Divide the lower side into any number of 
equal parts, and through the points. of division draw vertical 
lines ; tlirough every other point of division draw lines at 30® 
and 60® ; draw horizontal lines through the points in which 
the lines at 60® intersect. If the lines at 60® are left out, the 
surface will be covered with rhombuses. 

7. In Fig. 6. PL I.**, the surface is covered with intersect- 
ing and tangent circles. First divide into squares, as shown 
by the dotted lines ; then describe the large circles, and next 
the small ones tangent. 

8. Figs. 7-10. PL 1.**, are examples of architectural orna- 
ment. The method of constructing will be evident from the 
figures. In Fig. 7, for a change, the dark part might be left 
white and the rest shaded. 
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CHAPTER Vn. 



FKOJECTIOnS. 

Bt the methods given in the preceding problems, we are 
enabled to conatriict most of the ^eonietriual figures that can 
be traced, or drawn on a plane surface, accoi-ding to geometri- 
cal principles, and with the oi'diiiary niatlieiuatical instru- 
ments; and if, in a practical point of view, our object was 
Biniply to obtain the shape and diuieiiaiona of Biich forms aa 
could be cut from a sheet of paper, a thin board, or a blick 
of wood of uniform tbickneas, these problems would bo suffi- 
cient for the purpose ; for it would be only necessary to con- 
struct the required figure on one s-ide, or end of the board, or 
block, and then cut away the other purts exterior to the out- 
line of the figure. Ilere then we iiave an example, in which 
the form and dimensions of one side, or end of a body, being 
given, the body itself can be shaped by means of tliis one 
view; and this is applicable to all cases wliere tlie thickness 
of the body is the same thi*oughout, and where the opposite 
sides, or ends, are figures precisely alike in shape and dimen- 
sions. This method is applicable to a numei'ous class of bodies 
to be met with in the iTidustrial arts; particular cases will 
readily occur to any one. Among the most simple, the com- 
mon brick may be taken as an example ; the thickness in thia 
case is uniform, and the opposite Bides are equal rectangles ; 
hence taking a board of the same thickness as tJie biick, mark- 
ing out on its surface the rectangle of the side, and then cutting 
away the portion of the board exterior to this outline, a solid 
will be obtained of the same form and dimensions as the bn'-k. 

But it is evident that a drawing of the rectangle that repra- 
eents the side would not be siiflicient to determine the form 
of the entire brick, if we did not Ujiovp its thickness. In order 
that the drawing shall represent the forms and dimensions of 
all the facee of the brick, it is obvious that some means must 
be resorted to by which these parts can also be repreeeutod. 
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large bodies and fine points are best, as they will hold consid- 
erable tiut To prepare the tint, rub the cake of ink upon 
the tile and then take from that with a bnisli, and mix with 
the water in the tumbler, until tlie lesired shade is obtained. 
Care should be taken that the brush and tumbler are perfectlj 
clean, and it is well to keep the tumbler covered after the tint 
is prepared. Do not make the tint as dark as you wish it 
upon the drawing, when finished ; it is much easier to lay a 
light tint smoothly, than a dark one, so that it is better to get 
the depth of shade required by successive washes ; let each 
wash dry before laying another. 

Ab a rule, it is better to go over the surface to be tinted 
fii-st witli clean water, as the first wash will lay smoother ; and 
if the fii'st wasli is spotted, it will show through all the rest; 
this damping is especiallj- necessary if the tint used is dark, 
or the siu-face large ; when the surface is small, and some 
skill has been acquired, the damping may be omitted. 

Do not use India rubber upon the surface to be tinted, aa 
it is difficult to lay a smooth tint aftei'wards; avoid also rest- 
ing the hands upon the surface, as any moisture from them 
will affect the flow of the tint. 

For practice try laying flat tints upon rectangles of differ- 
ent sizes, commeucing with small ones. When doing this, 
commence at the top and work down, keeping the advancing 
edge nearly horizontal and always wet ; let the boai'd be in- 
clined a little, so that the tint will follow the brush ; upon 
reaching the bottom of the rectangle, if there is any surplus 
tint upon the paper, it should be removed with the bruHb, 
having first wiped it dry. 

Try next some surface where it is necessary to watch two 
or more edges, to see tliat they do not get dry ; the space be- 
tween two concentric circles will do, or trace the outlines of 
the irregular curve upon paper, and either tint the curve or 
else tint around the curve, leaving that white. Let the outlines 
of surfaces to be tinted be fine hard pencil lines ; with care 
in-laying the tints, they make the best finish for the edge, but 
where the edge has become uneven, a fine light line of iak. 
will improve it. 

4. Gi'oduated tints. Ilaving acquired some skill in laying 
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fiat tints, try next a graduated tiut. There are several methods 

of doing this, one of which ie bj 

Flat tints. When it is desired to fint a rectangle bo that 
it shall be darkest at the top, and shade off ligliter towards 
the bottom, divide the sides iuto any number of equal parts 
with pencil marks* (PI. I.* Fig. 12.) ; commeiidng at the top, 
lay a flat tint upon the fii'Ht space ; when this ia dry, coinnienue 
At the top and lay a flat tint over the firet two spaces. Pro- 
ceed in this way, commencing at the top each time, until the 
whole rectangle is covered ; by making the divisions of the 
rectangle quite small, tiie effect is more pleasing. See tliat 
the lower edges of the flat tints are as straight as possible, for 
theyshow through the succeeding tints, and detract much fi-om 
the appearance when irregular ; it is not well to make the divi- 
sion marks acrc«B the surface, as tbey would be likely to show. 

There must be sufficient time between the tints to allow 
.he top space to dry, else some of its tint will be washed to 
iie spaces below, and when comideted, the upper spaces of 
Jie rectangle will have the same tint. 

t is better to follow the order given, instead of going over 
■Jie whole surface for the first tint, and reducing the surface, 
jy one space, for each succeeding tint ; by the first method 
iie edges are covered by the over-laying tints, and a softer 
*ppearanee is given than would be obtained by the second 
111 thod. Figs. 11, 12, PI. I.**, give examples of shaduLg with 
ilat tints. 

5 Softened tints. This gives a much smoother appearance 
than the last method. Divide the rectangle as before, and 
tint the first space ; but instead of letting the edge dry, as a 
line, wash it out with clean water ; wash out the edge of each 
tint in the same way ; and when flaished, there will not be 
tiny abrupt changes from one tint to another, as in the last 
method. 

6. Di-y shading. First tint the rectangle by the method 
of flat tints; then keeping tlie brush pretty dry, so that the 
strokes disappear about as fast as made, use it as you would 
a pencil, and shade between the edges until they disappear ; 
keep the point of the brush pretty fine, and make the etrokee 
abort and parallel to the edges. 
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Tliiik takids considerable time, bnt gives a very good result j 
not as smooth as by softened tints, bat full as pleasant to the 
eye. 

When the surface to be shaded is quite small, the flat tints 
might be omitted^ and the tint applied with short strokes of 
the brush, wherever needed. 

For practice, try the different methods upon rectangles 
about 2 by 4 inches. Let the shade be darkest at the top, or 
bottom ; let the shade be darkest along the right or left hand 
edges ; let it be darkest through the centre, either horizontal*^ 
ly or vertically ; in the last case the centre space is the first 
one tinted, and the second wash covers the centre and two 
adjacent spaces. 

7. Colors. The directions previously given will apply to 
the use of colors in forming flat or graduated tints ; another 
method may be used for graduated tints, and that is to shade 
the surface first with India ink, and then cover it with a flat 
tint of the coW. 
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IBTEHnOSAL UODEa OF 



DIFFERENT lUTEBULS. 



1. In meehaniual drawing different materials may be repro- 
eented by appropriate conventional coloring, which is usually 
done in finished drawings; or else by eimply drawing the 
outlines of the parta in projection, and drawing lines across 
them according to some rule agreed upon, to represent atone, 

BWood, iron, etc. Although thei-e is no uniformity in the use 
E conventional tints, the following will be found convenient 
for this purpose : 

Cast iron, Payne's grey. 

"Wrought iron, Prussian bine. 

Steel, Prussian blue and carmine. 

Brass, Gamboge. 

Copper, Gamboge and carmine. 

Stone, Sepia and yellow ochre. 

Brick, Light red. 

Wood, Burnt Sienna. 

Earth, Burnt Umber. 

Por stone a light tint of India ink might be used instead ot 
the colors given above ; if a little carmine be added to the 
light red, when nsed to represent brick, it will make a 
brighter color; raw sienna might be used instead of burnt 
sienna for wood. 

2. Wood. When the drawing is on a small scale, the out- 
lines only of a beam of timber are drawn in projection, when 
tlie sides are the parts projected, PI. VII. Fig. 88 ; when the 
end is the part projected, the two diagonals of the figure are 
drawn on the projection. 

If a longitudinal section of the beam is to be shown, PL 
VII. Fig. 89, fine parallel lines are drawn lengthwise. In a 
cross section, line narallel lines diagonally. 
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wims As uoJb w wifllcignfly iB^gB to idinft of 
reicmblance to tiie actml ippemanoe of die object hmng 
attempted, Gnes may be drawn on liie projection of d&e ride 
of die beam, PL VIL Fig; 90, tx} repreaoit die appearance ol 
die ffbree of the wood; and die same on die en<h. 

In longitndinal aectums die appearance of die fibres vamj 
be expresKdy PL VLL Elg; 91^ with fine parallel Iinca drami 
Ofer diem lengtbwise. In eras sections the grain m^ be 
riiowiiyaain die projeetionof the enda^ widi fine paralTri linei 
diagoaaDj. 

WigL 13, 14^ 15y PL L*, give additional exanqplea of die 
method of r^resendng wood in Tine drawingiSL Be6ne at- 
tempting to represait graining^ it would be well t» examine 
tbe graining of wood in. die matmal hself, and to ha^e a 
piece at hand to fmTtmi» • in die fioor of die drawing-room 
may often be foond good ezamplea. 

In b^inning to grain a timber, make die knots first, and 
th en fill in tiie remaining space with linesy arranging so as to 
encloee the knots ; mitil some practice has be^i acqnired, it 
Tould be weE to pencil the graining before inking: The size 
of the knots shoold have some reference to the size of die tim- 
ber ; let the graining lines be made with a tine steel poi^ nsing 
li^t ink; where the wood is to be colored, apply the tint be- 
fore graining. 

When the timber is large, use a brush to make the grain- 
ing ; if it is to be colored, use a dark tint of burnt sienna for 
the lines, and wash OTer with a lifter tint of the same; when 
nsing the brush for graining, make the points of the knots 
wid^ as in Fig. 15, PL L* ; it would add also to the looks 
of graining made with a pen to widen the ends of the knots 
with the brush. 

Fig. 14, PL L*, differs from Fig. 13 only in baring a eeriea 
of short marks introduced in the graining ; if desired to dis- 
tingniah between soft and hard wood, let Fig. 13 represent 
•oft, and Fig. 14 hard wood. 

In Fig. 15, PL L*, the graining is made np of a series «f 
phort hatches ; when done nicely, this gives a -err good etEect 
This style may also be used to represent hard wood. 

The cross sections, Figs. 13, 1-^ 15, PL L*, are shown by a 
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seriea of concentric circles, with a few lines I'adiating from 
the centre, representing craeks ; use the how coinpaBses to 
describe the circles, from a, centre either within or without 
the section. "When the section is narrow, as at a, Fig. 13, 
PI. I.*, parallel straight lines are sufficient. 

To represent the end of the timber as broken, let the line 
be made up of a series of sharp points. ^V]lere a number of 
adjoining planks are repj'esented aa broken along nearly the 
same line, let the end of each he distinct, as in Fig. 1, Fl. I." 

3. Masonry. In drawings on a small scale, tlie outlines of 
the principal parts are alone put down on the projections; 
and on the parts cut, fine parallel wavy lines, drawn either 
vertically or horizontally across, are put in. 

In drawings to a scale sufficiently large to exhibit the de- 
tails of tiio parts, lines may be di'awn on the elevations, PI. 
VII. Fig. 92, to show either the general character of the com- 
bination of the parts, or else the outhue of each part in de- 
tail, as the case may reqnii-e. In like manner in section, the 
outline of each part, PI. VII, Fig, 93, in detail, or else linea 
showing the general arrangement, may be drawn, and over 
these fine parallel lines. 

Figs, 16-23, Fl, I.*, give additional examples of stone work. 
In Figs. 16, 17 there is a ledge cut around each stone, and 
Bunk below the face. The face may be dressed with a pick, 
Fig, 17, or it might be left rough, and represented as in Figa. 
21-23, Fl. L". Fig. 16 would be the method of representing 
such stone work in a line drawing ; the lower and right-hand 
lines of the inner rectangle should be heavy. 

Fig. IS, PI. I.*, represents the surface of the stone as 
Unished; where a number of stones come together, leave a 
narrow line of light at the top and left-hand edges of each. 

In Figs. 19, 20, Fl, I.*, the edges of the stones are bevelled, 
and the surfaces finished. Fig. 19 is tlie method of repre- 
senting in a line drawing. For a finished shaded drawing, 
Fig. 20 would do, shaded with the stone tint alone, or with 
India ink first, and then a flat stone tint ; the depth of shade 
upon each face of the stone is shown in the example 
given. 

Figs. 21-23, PI. I.*, give different methods of repreeentio 
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Btone where the joints only are drested, and the faces left 
rough* 

4. Metals. The conventional colors for the different metals 
have already been given. 

To represent metal as broken, the line should be somewhat 
irregular, but not as much so as for the breaking of wood; 
Fig. 1\ PL I.^ gives examples of the customary method of 
showing the broken ends of rods, bars, etc. ; the parallel lines 
may be either black or the conventional color. 

5. Ea/rth. In vertical sections extending below the level of 
the ground it may be necessary to show the section of the 
earth, etc., around the foundations. If the soil is common 
earth this may be done, as shown in PL VIII. Fig. 94. If 
sand, as in PL VIII. Fig. 95. If stony, as in PL 7IIL Fig. 
96, If solid rock, as in PL VIII. Fig. 97. Where the earth 
is embanked its section may be shown, as in PL VIIL Fig. 98. 

If it is desired to color the sections of earth, let a flat tint 
of burnt umber be laid first, the lower edge being washed 
out, then when dry the lines may be drawn over it with a 
pen ; or, after laying the flat tint of burnt umber, with the 
brush, make a series of short horizontal strokes over the wash 
already laid, varying the shade of the tint for the strokes, 
some being quite dark. 

6. Water. This is represented as in Fig. 24. PL L* by 
horizontal lines ; for colored drawings make the lines blue. 

Fig. 24. PL L^ represents a section of a canal ; for practioe 
let this be drawn and finished in colors. 
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CHAPTER VX 



OONSTBDOnON OF 

1. The following figurea are valuable as exercises in eon- 
Mrnction. Simple as they may seem, one trial will convince 
that care is necessary in every step to secure a good result ; 
let the construction lines be fine and light and the intersec- 
tions good. These figui-es afford further practice for tinting 
both with lines and colors ; use different shades of the same 
color, or different colors, laying the lightest firat. The ai'range- 
ment indicated upon the figures may be followed, or changed 
to suit the taste. 

2. To represent apavemeiit made up of squares. (PI. X.** 
l''ig. 1.) Divide the lower side into any number of equal 
parts, and through the points of division draw lines 45° both 
ways ; if through the points where these diagonals meet tlie 
sides, diagonal lines be drawn, they wi!l complete the figure. 

3. To represent a pavement of equilateral triangles. (PI. 
I.** Fig. 2.) Divide the lower side into any number o£ equal 
parts, and through these points draw hnes 60° each way ; 
tlii-ough the points in whieli these intersect, draw horizontal 
lines. 

4. To represent a pavem,ent of Jtexagons. (PI. I.** Fig. 3.) 
Having given the side of the hexagon, lay it off any number 
of times upon the side, and draw lines 60° through these 
points; the method of completing the figure will then be 
a]>parent ; a c is equal to half the side of the hexagon. 

5. To represent a pavement made up of octagons and 
squares, (PI. I.** Fig. 4.) Divide the surface first into 
squares; then construct an octagon in one of these; if it \a 
desired to have a regular octagon, it may be done by taking 
half of the diagonal of the square as a radius and describing 
ares from each corner of the square as a centre, until they in- 




J 



80^ INDUSTRIAL DRAWING. 

tenect the sideB ; this is indicated in one of the squares of Om 
figure. After constracting one octagon, the others may be 
obtained from it by projecting, as shown by the dotted lines. 

6. To represent a pavement made up of isosceles triangles. 
(PL I.** Fig. 5.) Divide the lower side into any number of 
equal parts, and through the points. of division draw vertical 
lines ; tlirough every other point of division draw lines at 30® 
and 60® ; draw horizontal lines through the points in which 
the lines at 60^ intersect. If the lines at 60® are left out, the 
surface will be covered with rhombuses. 

7. In Fig. 6. PL I.**, the surface is covered with intersect- 
ing and tangent circles. First divide into squares, as shown 
by the dotted lines ; then describe the large circles, and next 
the small ones tangent. 

8. Figs. 7-10. PL I.**, are examples of architectural orna- 
ment. The method of constructing will be evident from the 
figures. In Fig. 7, for a change, the dark part might be left 
white and the rest shaded. 
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PB0JE<7riONB. 

Br the methodB given in the preceding problems, we are 
enabled to construct most of the {^eoraetriiial flgnres that tan 
be traced, or di-awn on a plane surface, aceoi-dlug to geometri- 
cal principles, and with tlie ordinary mathematical instru- 
ments; and if, in a prautioal puint of view, onr objeet waa 
eimply to obtain the sliape and dimensions of eneh forms as 
conld be cut from a sheet of paper, a thin board, oi a block 
of wood of uniform thiekriesB, these problems would be suffi- 
cient for the purpose ; for il would be only necessary to con- 
Btriict the required figure on one side, or end of the board, or 
block, and then cut away the otlier parts exterior to the out- 
line of the figure. Here then we liave an example, in which 
the form and dimensions of one side, or end of a body, being 
given, the body itself can be shaped by means of this one 
Tiew ; and this is applicable to all cases wliere tiie tliickness 
lOf the body is the same throughout, and where the opposite 
udes, or ends, are figures precisely alike in shape and dimen- 
Hions. This method is applicable to a numerous class of bodies 
to be met wi til in the industrial arts; particular casea will 
readily occur to any one. Among the most simple, tJie com- 
mon brick may be taken as an example ; the thickness In this 
case is uniform, and the opposite sides are equal rectangles; 
hence taking a board of the same thickness as the brick, mark- 
oat on itBsurfacetlie rectangle of the side, and then cutting 
iway the portion of the board exterior to this outline, a sulid 
will be obtained of the same form and dimensions as the brifk. 
But it is evident that a drawing of the rectangle that re\.re- 
sents the side would not be sufliuient to detenniue the form 
of the entire brick, if we did not know its thickness. In order 
that the drawing shall represent the forms aud dimensions of 
all the faces of the brick, it is obvious that some means muat 
be resoi-t^d to by which these parts can also be represented. 
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The necessity for this will be still more apparent when we 
desire to represent the forms and dimensions of bodies, which, 
although of uniform thickness, have their opposite faces of 
difEerent forms and dimensions; and more especially in the 
more complicated cases, where the surface of the body is 
formed of figures differing both in forms and dimensions 
from each other. The means by which we effect this is 
termed the method of projections. By it we are enabled to 
represent the forms and dimensions of all the parts of a body, 
however complicated, provided they can. be constructed by 
geometrical principles. 

Principles, 

If through a given point, A (Fig. 19), in space a line b6 
drawn perpendicular to any plane, M If^ the point a in which 
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the line pierces the plane is called the projection of the point 
A upon that plane. / 

The projection of a right line is obtained by joining the 
projections of any two of its points ; for example, given the 




Fig. 20. 



line A B (Fig. 20), in space, a is the projection of A^ and ^ o£ 
B\ joining a h we have the projection of A B, 

If the given line be curved instead of straight, wo have to 
find the projections of more of its points and join them ; tlis 
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ffAore pomtB found the more accarste the projection. Fig. 21 
illnBtratea this, where a h, the proj eution oi A S,ii found by 
joining the projections of its diffei-ent points. 

HP A solid being given to find its projection, it will be oW 
"talned by joining the projeetione of its bounding edges. 

It is evident in these examples given, that it ia impossible 
to determine fi'om tho projectioTia alone, the distance of the 
points in space from the plane ; in other words, the p<:ffiiLioii 
of the points in space is not fixed. 

Having seen that one projection ia not anfficieut to locate a 
point in space, and as there can be only one projection of a 
point on any plane, suppose we take two planes at right anglea 
o each other, and find the projections of a point upon each 





/ 


"A 




/pi 






C AT 


i / J 


i>^ 


/ 1./ 


(/ 


r / 



Fig. S3 shows pictorially the two planes G N and G P A 
right angles ; ^ ia a point in space, a and a' are its projec- 
tions on either plane ; the distance of A from the plane G iP] 
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orAajh equal tc the distance a% and the distance of A from 
the plane OP.ot A a\ is eqaal Xoah. If at the points a and 
a' perpendiculars shoald be erected to each plane, we see that 
these must intersect at the point A in space ; and as these 
perpendiculars can intersect in only one point, it follows that 
there is only one point in space that can be projected in a 
and a'. 

Thus we see, if the projections of a point are found upon 
two planes at right angles^ its position in space is fixedj and 
can be determined from the projections. 

If the projections of two or more points are found upon 
these same planes, we should not only be able to determine 
their positions respecting the planes, but also their relative 
position ; hence, it follows, if a solid be projected upon these 
two planes, we can determine its dimensions from the projec- 
tions. 

"We have found, then, that two planes, at right angles, are 
necessary in projections; these are called, respectively, the 
horizontal and vertical planes of projection. 

The line of intersection, OL (Fig. 22), is called the ground 
line. The point a is called the horizontal projection of A^ 
and a' the vertical projection. The horizontal projection of 
an object is often called the plan, and tlie vertical projection 
the elevation. 

The perpendiculai-s through A are called the projecting 
lines ; the plane of the two is perpendicular to both planes of 
projection, and also the ground line, and intersects both planes 
in right lines, perpendicular to the ground line at the same 
point. 

Since it is impracticable to draw upon two planes at right 
angles, the vertical plane is considered as revolved back, about 
the ground line, until it forms one and the same surface with 
the horizontal plane. By this revolution the relative position 
of points in the vertical plane is not affected ; every point 
remains at the same distance from the ground line after revo- 
lution as before. This is shown in Fig. 22, where the vertical 
plane ff P is represented as revolved back to the horizontal 
position OP'i a' revolves to a"; a^'h id equal to a' J; tlia 
line joining a a" is perpendicular tn O L 
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Aemark. The preceding figares are pictorial repreaenl*- 
Vdone; in the remaining; figures a. horizont&l line is iiBed to 
I toparate the planes of projeution, the part above the line be- 
lie^ the vertical plane, and the part below the horizontal. 

It is important, then, to note, 1st, that the perpendicular 
K'Jistance from the horizontal projection of a point to tho 
'ouTid line shoioa how far the point itself is from the verti- 
U plane of projection, 
\d, Utat, in like manner, the peipendicula/r distance from 
( vertical projection to the ground line shows its height 
ibove the horizonttd plmie. 
3d, that the horizontal and vertical projectians if a point 
1 the nght line drawn from one to the other, and per- 
ulicula/r to the ground line. 
I, that the distance, measured horizontally, ietween twc 
'■s, is that between their horizontal projections, 
i, that their distance apart vertically, or the height the one 
I above the other, is measured by the difference between the 
respective distances of their vertical projections from the 
ground line, 

Qth, that the actual distance between two points, or the length 
of a right line connecting them; is equal to the hypotltenuse 
of a right angled triangle, the base of which is equal to the 
distance between the horizontal projections of the points, and, 
the altitude is the difference between the distances of their 
vertical projections from the ground line. 

For example (PI. V. Fig. 72), the hne (? Z is the ground 
line. The point a being the horizontal, and the point a' the 
veitical projeution o£ a pohit, these two points lie on the right 
line axa' joining them, and perpendicnlar to OL. The point 
itself is at a distance in front of the vertical plane measured 
by the line ax; and at a height from the horizontal plane 
measni-ed by xa'. 

In like manner bh', and ec', are the projections of two 
points, the horizontal distance between which is be, the dis- 
tance apart of their horizontal projections; and the vertical 
distance is cfy, equal to the difference between c'x' and b'x, 
their respective heights from the horizontal plane. The actual 
distancR between these points, or the length of the line drawD 




from one to the other, may he found by constracting ft right 
augled triangle, mo n/ the base of which, om, being eqnal to 
h c, and its altitude, o n, equal to c'>/, its hj'pothenuse, m ti, will 
be the distance required. 

In making the projectione of an object, when it ia desirable 
to designate the projections that correspond to the same point, 
tliey are joined by a liglit broken line ; and if the projections 
are those of an isolated point, either the projections are made 
with a large roimd dot, or by a small dot snrronnded by a 
small circle. Vfhen the projections of two points ai'e those of 
the extremities of a right line, a full line is drawn on each 
plane of pi-ojection between the poiuts, as bo and iV / and a 
broken line is drawn between the projections of the corre- 
sponding extremitiea- 

Notation. 

Small letters are used to designate the projections of a 
point, the same letter being used for both projections ; to dia- 
tingniah between them, the vertical is accented. The point aa' 
is also spoken of as tlie point A. 

Lines are similarly treated, as the line ab — a'b\ or the line 
AB. 

The letters IT and V are used to designate the planes of 
projection. 

GZ stands for the ground line, 

Sluide lines. 

Shade lines upon outline drawings add very much to their 
appearance; when properly placed, they give relief to the 
drawing, and are of assistance in reading it. 

In mechanical drawing the light is generally assumed to 
come in such a direction that its projections shall make angles 
of iS" with the ground Hue; the arrows in Figs. 23 and 24 
indicate the direction of light. 

Those edges shovld be ?ieavij which separate light from 
dark surfaces. 

In the case of the cube (Fig. 23), we see that the top, front, 
and left-hand faces ranst be in the light, while the remaining 
faces would be in the shade. In the elevation the only viubU 
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edges separating light from dark faces are those upon the 
right and lower sides {a'b' and 5'c'), while in the plan th« 
■haded edges are upon the right and upper sides {af&aAfe). 
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In case of a curved sui-face liiie the cylinder (Fig. 2i), the 
Kne a'h' does not separate the light from the dark surface, 
yet it is well to make it a trifle darker than the left-hand edge, 
but not as dark as the bottom line c'h'. In the plan the cirela 
is made darkest upon the upper and right-hand side, tapering 
to the points of tangeney {e,,f) of rays of light. 

Shade lines of Bections follow the above rules, as shown in 

tFig. 83. PI. VI. 
Draw tlie shade lines with their breadth outside the outline. 
In colored drawings draw the shade lines last. 
, .In shaded di-awings omit the sliade lines altogether. 
ProjUes and Sections. The projections of an object give 
«Hily the forms and dimensions of its exterior, and the posi- 
tions of points, &c., on its surface. To show the thickness of 
its solid parts, and the form and dimensions of its interior, 
in terse cting-planes are used. Taking a house as a model, 
let us conceive it to he cut, or sawed through, at some 
point betweeii its two ends, in the direction of a vertical 
plane parallel to the ends. Setting aside one portion, let 
UB imagine a pane of glass placed against the sawed surface 
of the other, and let an accurate outline of the parts thua 
out through be traced on tlie pane. This outline is termed 
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ft j w ^ ( k On it, lo JBrtu^^nh the solid parts cot diioagb 
fitttti the Toidsv or holknr pwts^ we eorer them entirely 
wtdi {nk^ or isiHoe c&er eolor, or dee simplj draw plff- 
alld Im«$ dose u^ther acroes diem. If, besides tracing 
lh« \Hilline of the parts resting against the pane, we were to 
lmc« ih^ pryjectioits of all the parts^ both within and withont 
Ui^ vHitUue i>f the profile, that coold be seen through the 
(MiitH^ bv a persiLHi standing in front of it, the profile with 
Uh?^ aviditkwkal outlines is termed a MifiMMt. A section more- 
V'XiMr vlil3^»$ &»i a profile in this, that it may be made in any 
v)iv^^tv>i^ irtiereas the profile is made by cutting vertically, 
anvi ui objects, like a house, bounded by plane surfaces, in a 
vt^Wv'tiv^u perpendicular to the sur&ce. 

t\> ^^w the direction in which the section is made, it is 
^u^ K> draw a broken and dotted line on the plan and eleva- 
Ik^i vxf the object, marking the position of the saw-cut on the 
<i\u If^oe of the object ; and, to indicate the position to which 
|Ih> ^vtion corresponds, letters of reference are placed at the 
<^!ttr^mitie6 of each of these lines, and the figure of the section 
fa^ designated as vertical^ or oblique sedion on A — Bj C — D^ 
^^s acoHrding as the section is in a plane perpendicular, or 
oblique to the horizcHital plane of projection. 

The sections in most general use are those made by vertical 
and horizontal planes. A horizontal section is made in the 
•ame manner as a vertical one, by conceiving the object cut 
through at some point above the horizontal plane of projec 
lion, and parallel to it, and, having removed the portion above 
the plane of section, by making such a representation of the 
lower p<»ticm as would be represented by tracing on a pane 
of glass, laid on it, the outline of the parts in contact with 
the pane^ with the outline of the projection of the parts on the 
pane that can be seen through it, whether on the exterior, or 
interior of the object 

The solid parts in contact with the pane are represented in 
ttie same way as in other sections. The projected parts are 
represented only by their outlines. A broken and dotted line^ 
with letters of reference at its extremities, is drawn on tha 
deration to show where the section is taken ; and the section 
il derignated by a title, as, horicontal sectiofi on A — B^ &c. 
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Aj the broken and dotted lines that indicate tlie poeituna ' 
of the planes of section are drawn on the planes of projection, 
and are in fact the lines in which the planes of aecEion would 
out these two planes, they are termed the vertical or hori- 
aontal traces of the planes of section, actording as the line* 
»re ti'aeed on the vertical or horizontal plane of projection. 

It will he well to note particularly that the planes of section 
tre usnally taken in fi-out of, or above the object, that portion 
of it which is cut by the plane being supposed in contact with 
the plane ; whereas the planes of projection may be placed 
eitlier behind, or in front of the object, and above or below it, 
as may best suit the purpose of the draftsman ; the position 
of the ground line therefore wili always indicate on wliieli 
nde of the object, and wJicther above, or below it, the planea 
of projection are placed. The uanal method is to place the 
horizontal plane of pi'ojection below the object represented 
and the vertical plane behind it. The more usual method 
also is to represent the object aa resting on the horizontal 
plane ; its position with respect to the vortical plane, or that 
of the vertical plane with respect to it, being so taken as to 
give the desired elevation to suit the views of the draftsman. 
In the case of the ordinary house, for example, the elevationa 
of the four sides may be obtained eitiier by supposing one 
vertical plane, and the four sides successively presented to it ; 
or by supposing the vortical plane shifted so as to be brought 
behind each of the sides in sucoession. 

Projections of Points and Right Lines. The method of 
projections pirsents two problems. The one is having given 
the forms and dimensions of an object, to construct its pro- 
jections ; the otlier, having the projections of an object, to 
oonsCruct its fonns and dimensions. A correct understanding 
of the manner of projecting points and right lines, and 
determining their relative positions with respect to each 
other, is an indispensable foundation for the solution of these 
two questions. 

The methods of projecting a single point, and of obtaining 
Its distance from the planes of projection, also of two ^xitnts, 
and determining their distance apart, have already been 
gif en. The same process would evidently be followed Id 






d 



90 



INDISTKIAL DHAWTNU, 



projecting any nnmber of pointa; or, in determining theii 
relative poeitionB, haWng their projectiona. But, beeidei 
these general methods, there are some particnlar eases with 
which it will be well to become familiarized at the outset, as 
a knowledge of them will material!}- aid in showing, by a 
glance at the projections, the relative positions of the lines 
joining the points to ihe planes of projection ; that is, whether 
these lines are parallel, oblique, or perpendicular to one, or 
both of these planes. 

Case 1, (PI. V. Fig. 73.) Let aa' and bh' be the projec- 
tions of two points, the distances of their vertical projections 
a'x and Vx' from the ground line being equal, those of their 
horizontal pi-ojectiona aa and foe' being unequaL The points 
themselves will be at the same heiglit above the horizontal 
plane of projection but at unequal distances from the vertical 
plane. The vertical projection of the line joining the two 
points a'i' will be parallel to the ground line, and ita hori- 
zontal projection oJ will be oblique to it. 

From, this we observe, that when two points of a right line 
are at the aavie height above the horizontal plane of projection, 
and at unequal distances from tfie vertical plane, the vertteal 
projection of the line will bejtarallel to the ground line, and 
its Aorisontal projection oblique to this line. 

Finding then the two proj ections of aright line in these 
positions with respect to the ground line, we conclude that 
the line itself is at the same height throughout above the 
horizontal plane of projection, or pai-allel to this plane, hot 
oblique to the vertical plane. 

Case 2. (PL V. Fig. 74.) In like manner, whc" we find 
the horizontal projections of two points a and b at ti^. ^me 
distance from the ground liiie, and the vertical projections 
a' and b' at unequal heights from it, we conclude that tlie linu 
joining the points is parallel Co the vertical plane but oblique 
to the horizontal. 

Case 3. (PI. V. Fig. 75.) "WTien the horizontal projectiona 

of two points are at the same distance from ground line, and the 

vertical projections also at equal distances from it, we conclude 

tljit the line itself is parallel to both planes of projection. 

'VKen a line therefore is parallel to onaplane ofpr<^ecti^ 
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alone, its j>rojeotion on the other toill bej>arallel to the ground * 
Une, a?ul its projection on the plane to which it ia parallel 
will he oblique to the ground Une. 

Whan the line iaparaUel to hothplanea its ttoo projeotioTU 
wiU be parallel to the ground line. 

Case 4. (PI. V. Fig. 76.) Suppose two poinU aa a and b 
to lie in the horizontal plane of projection, where are their 
vertical projections? From what has been already shown, 
these last projections must lie on the perperidiculara, from the 
horizontal projections a and h to the ground line ; but afi the 
points are in the horizontal plane their proiectiona cannot Ko 
above the groimd line. The vertical prqjeetions of a and b 
therefore must be at a' and V on the ground line, wliere the 
perpendicuXars from, a and b cut it. J^or a like reason the 
vertical projection of a line as a — b in the horizontal plaTie 
toiU be as a' — b' in the ground line. 

In like Tnanner the liorisontal projections of points and 
lines lying in the vertical plane of projection will be also in 
the grownd line. 

Case 5. (PI. V. Fig. 77.) If a line w vertwal, orperpen 
dicular to ilie horizontal plane of projection, its projection 
on that plane will be a point simply, as a. For, the line be- 
ing vertical, if a plumb line were applied along it the two 
lines wonld coincide, and the point of the bob of the plumb 
line would indicate only one point as the projection of the 
entire line. Now as a is the horizontal projection of all the 
points of the line, their vertical projections must lie in the 
Ixnefrom a perpendicular to the ground line, so that the ver- 
tical projections of any two points of the vertical line at the 
given heights b'x, and a'x above the horizontal plane of pro- 
jection, would be projected on tlie perpendicular from a to 
the ground Une, and at the given distances b'x and a'x above 
the ground lin^e. 

In like manner it can bo shown, that a line perpendicular 
to the vertical plane is projected into a point, as a', and its 
horizontal projection will lie on the perpendicular to the 
ground line from a', as a — S, in wbich the distances of the 
points a and b from the ground line show the distances of the 
eods of the line from the vertical plane. 
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be hidden. The veitical projectionfi oV, o'lf,' of the last prill 
be drawn with dotted lines, and tlie otiiera in fnll lines. 

In like manner-, supposing tho spectator placed at a great 
height above the horizontal plane, and in the direction of the 
line drawn thrangh the vertex and centre of the base of the 
pyramid, he would see in tliia position all the edges of the 
pyramid, their horizontal projections oa, ob, &c., are therefore 
drawn in full lines. 

Proi. 72. (Tl. VI. Fig. 79.) Saving the projections of a 
reg^dar right pyramid, aa in tk& last oaae, to coristruct the 
lengths of its edges and the dimensions of its faces. 

The horizontal projection of the edge drawn from a to the 
vertex is ao, and its vertical projection a'o'. The length of 
this edge therefore will be found by constructing the hypo- 
thenuse of a right angled triangle, of which ao ia the base, 
and xo', the vertical distance between the top and bottom 
ptiinta of the edge, is the perpendicular. In like manner the 
lengths of the other edges can be fonnd. 

To construct the face bounded by the two edges drawn 
f^rom the vertex o to the poiTits a and b, and the edge ab of 
the base ; we must eonatrnct a triangle of which the line a — b 
is the base, and the two edges just found are the other two 
sides ; this triangle will be the i-eqnired face, and as the pyrii- 
mid is regular all the other faces will be equal to tliis. 

Remark, It is evident that having found the faces and 
having the base, a model of the pyramid corresponding to the 
size of the drawing could be cut from stiff paper, or paste- 
board, and pnt together, 

Prob. 73. (PI. VI. Fig. 80.) To construct the projections 
of an oblique pyramid loitk an irregular base. 

Let the base of the pyramid be any irregular quadrilateral, 
abed, for example, resting on the horizontal plane of projec- 
tion. 

let. Having drawn the gronnd line, constcuct the base at 
any convenient distance from it, and set off the position, o, of 
the horizontal projection of the vertex, which is also supposed 
to lie given with respect to the points of the base. 

2d. Construct tlie vertical projections a'b'&d' of the pointi 
ot the base, and o' of the vertex. 
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M. Dtmw Itmi from o' to the points a'Vdd'. 
RmmmkfK The line o'd! in vertical projection, and the 
Kiw <(V« (M^^^^niin^ to what has been laid down, should be 

H^* »>»jt rtw (»i\>jections of a like pyramid we would pro- 
rf^.. •«» »M U^«» last case, to constmct its edges and faces if re> 
^^uuv^l f\»^ M uuhIoI. 

^•1 t/d. r 4x ( IM. VI. Fig. 81.) To construct tlie projections 
^ «4| *^i^0 ^riiffn with a regular hexagonal base. 

I y\» \\i^ lim^ of the prism be supposed to rest on the hori- 
y/**Ul ^iUuts uf projection. 

U^ (HiUHtruct at a convenient distance from the ground 
li^*V- Mm vi:)gular hexagon ahc^ &c., of the base ; taking two of 



>^ v4'tu*ftit0 Hides, as h — c, and^^— ^, parallel to this line. 
^M (^oUHtruct the projections h'Vra\ &c., of the points 

M Am tlie edges of the prism are vertical, their vertical 
ywiY-yXhim will be drawn through the points KVy ifec, and 
^<\^s \m\^\\ii\^2iX to the ground line. 

\\\\. Having drawn these lines, set off the equal distances 
K u'^ I' — />', &c., upon them, and each equal to the height 
'^t l)*tt |>rism. 

Htimarki, As the edges projected in b and c, andy and «, 
W'f « |>r<>jectod in the vertical lines V — b' and m' — & the back 
/L'4{<«ti caimot be represented by dotted lines. 

Ai» the top of the prism is parallel to its base it is projected 
y/i*A*tixMiUy in the line a' — df equal and parallel to A' — n', the 
i^v^jcctiou of the base. 

Ail the faces of the prism are equal rectangles, and each 
^^umI t(> UdinlV the projection of the face parallel to the ver 
IjjumI plane. 

Jt ha« been shown, in the pi^ojections of right limes, that 
wliJtfn a lino i» parallel to one plane of projection, its projec- 
U<^n on that piano is equal to the length of the line, and that 
M*» projection on the otlier plane is parallel to the ground 
\\un. \\\ iIiIh cjiHo wo 800 that the top of the prism, which is 
«i Jicxttgon piirallol to the horizontal plane, is projected on 
tl^t pl<ini< init' llto (upial hexagon abc,^ &c., and on the verti< 
luA pliiOM iiHn a lino a* — d parallel to the ground line. Id 
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like manner we see that the face of which b — o is tlie horizon- 
tal projection and b'c'm'l' the vertical, is projected on the 
horizontal plane in a line parallel to the ground line, and on 
the vertical plane in a rectangle equal to itself. Frnm. thii 
tee conclude, that when aplanefyure is parallel to oneplane 
of projection it vnU he projected on that plane in a Jiguiv 
equal to itself, and on the other plane into a line paraJM, tc 
the ground line. Moreover since the faces of the prism are 
plane sui-facea perpendicular to the hoi'izontal plane, and are 
projected respectively into the lines a — h, h — c, &.C., we con- 
clude that aplane surface perpendicular to one plane of pro- 
jection is projected on that plane into a Hght line. The 
eame is true of the hase and top of the prism ; the hase being 
in the horizontal plane, which is perpendicular to the vertical 
plane, is projected into the ground line in h' — m'/ the top 
being parallel to the horizontal plane is likewise perpendicu- 
lar to the vertical plane, and is projected into the lino 
a' — d'. 

Traces of Planes on the Planes of Projection. The plane 
surfaces of the prism and pyramids in the preceding problems 
being of limited extent, we have only had to consider the 
lines in which they cut the horizontal plane of projection, as 
a—h, I — c, &c., the bounding lines of the bases of these solids 
These lines are therefore properly the traces of these limited 
plane surfaces on the horizontal plane. But when a plane is 
of indefinite extent, we may have to consider the lines in 
which it cuts, or meets both planes of projection. The most 
usual cases in which we have to consider these lines are in 
tliose of profile planes, and planes of section, hi which the 
planes are perpendicular either to the horizontal, or vertical 
plane, and parallel, or oblique to the other. 

The position of the ti-ace of a plane, when parallel to one 
plane of projection and pei-pendicular to the other, as has 
already been shown, is a line parallel to the ground line, and 
on that plane of pi-ojection ti> which the plane is ],ierpondicu- 
!ar, as the lines' b — e, and f — e, for example, which are the 
traces on the horizontal plane of the faces of the prism, which 
are perpendicular to this plane, and parallel to the vertical 
plana The same may be said of the line a' — d', which would 
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-be tlifl trace of the plane of the top of the prism, if it wen 
prodoced back to meet the vertical plane. 

When the plane is perpendicalar to the horizontal plane^ 
but oblique to the vertiea.1, as for example the face of tlu) 
prism of which a^—f, or d — e ia the horizontal trace, its verti- 
cal trace will be perpendicular to the ground luie at the point 
where the horizontal trace meets tiiia line. To show this, sup 
pose the prism so placed as to have its back face against the 
vertical plane ; then the line a—f, for example, will be oblique 
to the grouud line, the point/" of this line being on it, at 
the point l\ whilst the line I' — 6', the one in which the oblique 
face meets the vertical plane, or its trace on this plane, will 
be perpendicular to the groimd line. The same illustration 
would hold trne supposing the prism laid on one of its faces 
on the horizontal plane, with its base against the vertical plane. 

IfAr-B (PI. VI. Fig. 82) thefefore r^resents tJie horizon- 
tal trace of a plane j?erpendicular to the horizontal plane ita 
vertical trace loiU be a line S — 6, drawn J^rom the point £, 
where the horizontal trace cute the ground liite, perpendici^ 
lar to this line. In like manner, if E — F ia the vertical 
trace of a plane perpendicular to the vertical plwne and 
oblique to tlhe horizontal plane, the line F—f perpendiaviaT 
to the ground line is its horisontal trace. 

Frob. 75. (PI. YI. Fig. 83.) To construct the prqjeetion* , 
and aeotioHs of a hollow cube of given dimensions. 

Let us suppose the cube so placed that, its base resting on 
the horizontal plane of projection in front of the vertical 
plane, its front a.nd back faces sliall be parallel to the vertical 
plane, and its other two ends perpendicular to this plane. 

Having consti'ueted a square abed (i'ig. X) of the same 
dimensionB as the base of the given cube, and having its sides 
ab and cd parallel to the ground line, and at any convenient 
distance from it; this square may be taken as the projection 
of the base of the cube. But as the top of the cube is paral- 
lel to the base, and its four faces ai* also perpendicnlar to 
tliese two parts, the top will be also projected into the squara 
abed, and the four sides respectively into the sides of the 
square. The square abed will therefore be the horizontal pro- 
jecCion sf all the exterior faces of the cube. 
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HaviDg projected the base of the cube into the vertical 
plane, which projection (Fig. y) will be a line A' — l', on the 
gronnd line, equal to a — i, construct the square a'b'l'h' equal 
to abed. Thia is the vertical pi-ojection of the cube. 

Ab the interior faces of the cube cannot be seen from with- 
out, the following method is adopted to represent their pro- 
jections : within the square abed construct another represented 
by the dotted lines, having its sides at the same distance from 
the exterior square as the thicknesa of the aides of the hollow 
cube. This square will be the projection of the interior faces ; 
and it is drawn with dotted lines, to show that these faces are 
not seen f j-ora without. 

Supposing the top and bottom of the cube of the same 
UiJcknesB as the sides, a. like square ooustracted within a'VVh' 
will be the vertical projection of the two interior faces, which 
are pei-pendicular to the vertical plane, and of the interior 
faces of the top and base. 

Having completed the projections of the cube, snppoee it 
is required to construct the figures of the sections cat from it 
by a hoi'izontal plane, of which M — N is the vertical trace ; 
and bj a vertical plane of which — P is the horizontal 
trace. The horizontal plane of section will cat from the 
exterior faces of the cube a sqnare mopn (Fig. Z) equal to the 
one abed, and from the interior faces another sqnare equal to 
the one in dotted lines, and having its sides parallel to those 
of Tiwpn. The solid portion of the four sides cut by the 
plane of section would be represented by the shading lines, 
as in Fig. Z. 

The plane of section of which — P is the trace, being 
obliqne to the sides, will ciit fronn the opposite exterior faces 
a — d, and S — c, and the exterior faces of the top and base, a 
rectangle of which t — u (Figa. J", W) is tlie base, and r — / 
(Fig. W) equal to the height b' — V, is tiie altitude ; in like 
manner it will cut from the corresponding interior faces a 
rectangle of which s — t is the base, and s—s', equal to the 
height of the interior face, is the altitude. The aides of the 
interior rectangle stt's' will be parallel to those of the one 
exterior ; the distance apart of the vertical sides being equal 
lo the equal distances r — a (Fig. X) and t — u ; and tliat oi 
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the hoiizont&l sidea being the same as the thiuknese of tb« 
top and base of the cube. In other words, as haa already 
been stated, the figure of the vertical section is the same that 
would be found by tracing the outline of the part of the 
cube, cat through by the plane of section, on the vertical 
plane of projection. 

Jtemari^a. The manner of representing the interior facea 
of the hollow cube by dotted lines is generallj' adopted for 
all like cases ; that is, when it is desired to represont the pro- 
JL-ctions of the outlines of any part of an object which lies 
between eome other part projected and the plane of pro- 
jection. 

Where several points, situated on the same right line^ aa 
r, *, t, u, on the line — P (Fig. X), are to be tranefei-red to 
another right line, as in the construction of (Fig. TT), the 
shortest way of doing it, and, if care be taken, also tiie most 
accurate one, is to place the straight edge of a narrow strip 
of paper along the line, and confining it in this position to 
niaik accurately on it near tlie edge the positions of the 
points. Having done this, the points can be transferred from 
the strip, by a like process, to any other line. The advant^e 
of this method over that of transferring each distance by tlie 
dividers will be apparent in some of the succeeding yro5^««s. 

Prob. 76. (PI. VI. Fig. 84.) To consiruci the p7-ajeo- 
tiona of a regiday hoUow pyramid truncated hy a plane 
oblique to the horizontal plane and perpendicular to the ver- 
Itcal plane. 

Let ns suppose the base of the pyramid a regular pentagon 
Having constructed this base, and the pi-ojections of the 
different parts of the entii'e pyramid as in Proh. 71, draw a 
line, M^N, oblique to the ground line, as the vertical trace 
of the assiimed truncating plane ; the portion of the pyramid 
lying above this plane being supposed removed. 

Now, as the truncating plane cuts ail the faces of the 
pyramid, and as it is itself perpendicular to the vertical plane 
of projection, all tho lines which it cuts from these faces wilt 
be projected on the \'ertical plane of projection in the trace 
M^N, The points r', »', t' , v', and u\ where the trace 
M — ^.ZTcuts the projections of the edges of the pyramid, will 
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be the projectioiiB of the points in vhich the truncating pUne 
cnts these edges ; and the line r' — v' for example ia the projec- 
tion of the line nut from the exterior face projected in V'o'd, 

The horizontal projections of the points of which r' , «', 
(tc, are the vertical projections, will he found on the hori- 
zontal projections va, vh, t&c, of the edges of which v'a', v'b', 
Ac, are tlie vertical projections, and will be ohtained in the 
usual way. Joining the corresponding points r, v, s, &c., 
thus obtained, the figure rstuv, will be the liorizontal projec- "" 
tion of the one cut from the exterior faces of the pyramid by 
the truncating plane. 

Thus far nothing has been s&id of the projections and 
sections of the interior faces of the jjjTamid. To construct 
these let iis take tbe thickness of the sides of the hollow 
pyramid to he the same, in which case the interior faces will 
be parallel to and all at the same distance from the exterior 
faces. If another pyramid therefore were so formed as to fit 
exactly the hollow spa(^ within the given one, its faces and 
edges would be parallel to the corresponding exterior faces 
and edges of the given hollow pyramid, and its vertex would 
likewise be on the perpendicular from the vertex of the given 
pyramid to its base. Constrncti nj;, therefore, a pentagon, 
mnopq, having its sides parallel to, and at the Eame distance 
from those of ahcde, this tigure may be assumed as the base 
of the interior pyramid. The horizontal projections of its 
edges will be the lines mn, vn, &c. To iind the vertical pro- 
jections of these lines, which will be parallel to the vertical 
projeetions of the coi-responding exterior edges, project tbe 
points »«, 71, &c., into the ground line, at m', n', &a., and, 
from these last points, draw the lines m'w", n'v", parallel to 
the corresponding ones a'v', b'v', &c.; the lines ?«'w", Ac, 
will be the required projections. 

To obtain the horizontal projectif>n of the figure cut from 
the interior faces by the plane of section, find the points 
2, y, X, Ac, in horizontal projection, corresponding to the 
points a', y', Ac, in vertical projection, where the trace 
M — -^ cuts the lines m'v", n'v", Ac. ; joining these points 
the pentagon syx, Ac, will be the repaired horizontal projeo- 
tioQ. 
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Having conetructed the projeetioiis of the portion of tha 
pyramid below the truncating plane, let it now be required 
to obtain a section of this poition hy a vertical plane of eeo 
tion tlipoiigh the vertex. For this purpose, to avoid the con- 
foaioi) of a number of lines on the same drawing, let na 
construct (Fig. 85) another figure of the projeetionB of the 
outlines of the faces, &c. Eaving drawn the line O — /* for 
the trace of the vertical section through the projection of the 
vertei, we observe that this plane cuts the base of the hollow 
pyramiti en the left-hand side, in the line a — h, and on the 
opposite sl-le in the line m. — n; setting off the distances 
(Fig. 86) a — b', h' — a', and n' — m' on the ground line, 
respectively equal to a — h, &c., we obtain the line of section 
cut from the bass. Now the plane of section cuts the exterior 
line of the top (I'ig. S5) on the left-hand side, in a point hori- 
zontally projected in c, and vertically in c", the height of 
which point above the base is the distance c" — c" / in like 
manner the plane cuta the interior luie of the top, on the same 
iide, in the point projected horizontally in d, and vertically 
In d", its height above the base beiug d' — d". The corre- 
Bponding points of the top on the opposite side are tliose pre- 
lected in 0, o" ; a.TiA p, p" ; tlieir corresponding distances 
above the base being respealively o' — o" and jj' — -p". 

Having thus found the horizontal and vertical distances 
between these points, it is eaay to couatruct their positions in 
the plane of section. To do this, set off on the ground line 
(Fig. SO) the distances a' — o\ a-—d\ m' — a', and m'—p', 
respectively eipial to the equal conesponding distances a — c, 
&c. (Fig. 85), on — F. At the po\nts c', d',p', and o' draw 
perpendiculars to the ground line, oo which set off the dis- 
tances c' — c", &c,, respectively equal to those c' — c" of Fig. 
85. Eaving drawn the lines a — c", i"—d", and h' — d"y the 
figure a'Vd"<^' is the section of the left-hand side; in like 
manner m'n'p"o" is the figure cut fn.m the opposite face by 
the plane of section. 

As the (Fig. 86) represents a sectiDu, and not a profile of 
the pyramid, we must draw upcu it the lines of the portion 
of the pyramid which lie behind the plane ; that, is thfl 
portion of which aaedm is tho busc. It will be well tc 
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remark, in the first place, that removing the portion in front 

of the plane of section, and Biippogiug this plane traueparent, 
the interior sarfaces of the pjTamid would be seen, and the 
exterior hidden, the outlines of the former would therefore he 
drawn full on the plane of aection, whilst those of the latter, 
if represeiitad, should be in dotted lines. 

To construet tlie projections of these lines on the plane of 
aection, we observe that this plane, being a vertical plane, 
and O — P being its trace on the horizontal plane of projec- 
tion, this line — /' may be considered as the ground line of 
these two planes; in the same manner aa G — L is the ground 
line of the horizontal plane and the original vertical plane of 
projection. This being considered, it is plain that all the 
parts of the pyramid should be projected on tliis new vertical 
plane of projeution, in tlie same manner aa on the original 
one. Let us take, for example, the interior edge, of which 
y — 3 is the horizontal projection. The point q, being in the 
horizontal plane, will be projected, iij the ground line — P, 
into j'/ and the point z would be projected by a perpendicu- 
lar from 3 to — P, at a height above O — /*, equal to the 
height of its vertical pi\)jection on the original vertical plane 
above the ground line — L, -which ia s' — 3". To transfer 
these distances to the section (Fig. 86), take the distance a — y', 
Qu — P, and set it off from a' to y' on the section ; this will 
give the projection of y' on the section. Next take the 
distance a — 3', from — P, and set it off from a' to s' on the 
section, and at a' erect a perpendicular to the ground line ; 
take from (Fig. 85) the distaiJCe 3' — 2", and set it off from 
3' to z" on the section ; the point z" will be the projection of 
tiie opper extremity of the interior edge in question on the 
plane of section ; joining therefore the points j' and s", thua 
determined, the line j' — 3" is the required projection. In 
like manner, the projections of the other interior and exterior 
edges of the portion of the pyramid behind the plane of 
section can be determined and drawn, as shown in the section 
(Fig. 1 

Hema/rkg. The preceding problems contain the solutions 
of all cases of the projections and sections of bodies, the 
ontlines of whicb are right lines, and their surfaces plan* 
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tt^lHJLiMf^ ^tltogr ombraoe a vmtj laige dias of objects in ihi* 
'HM^ i( 1%. v^^ impoituit that these problems should be 
^Uwwu^hly iijid^istood. One of the most nsefol examples 
*<uUiiir tbi% I)d9^ is that of the plans, elevations, and sections 
*>i HU <.H\ii2jt(MY dwelling, ^hich we shall now proceed to give. 
^fi^iK W^ P/oiw, devotions, dhc^ of a house. (PL VDL 
1* »^« ^7.) Xj^ 118 suppose the house of two stories, with base- 
'*»vut toh^ garret rooms. The exterior walls of masonry, 
* iUn^A' \^ 9loue or brick. The interior wall, separating the 
»Mlil fiV*M the rooms, of brick. The partition walls of the 
i>iM U>^ii|L )mh) basement of timber frames^ filled in with brick ; 
' 1^>^V v>if the bedrooms and garret of timber frames simply. 

^^ ^^ xwo^ss^ to observe, in the first place, that the gen- 
^^^ ^4^M^» are horizcnital sections, taken at scone heignt, say 
W^ ^H>|^ above the window sills, for the porpose of diowing 
^^W v^^ungs of the windo'sra, &c. ; and that the sections are 
%^ ^<i^Wi) as best to show those portions not shown on the 
l^H^i^ as the stair-ways, roof-framing, &c In the aeoond 
^hPI^^ that in the plans and sections are shown <ni1j the skele- 
M^ v^r framework of the more solid parts, as the mascmry, or 
UMaWt framing of the walls, flooring, roo^ &c 

^%J^H^ Having drawn a ground line, G — L, acmes the 
^lA^t on which the drawings are to be made, in such a posi- 
Wm^ a$ to leave sufficient space on each side of it iar the plans 
^^s\ elevations respectively, coinmence, by drawing a line 
4— i? parallel to G — Z^ and at a convenient distance from it 
Is^ leave room for the plan of the first story towards the 
U>ltom of the sheet. Take the line A — B, as the interi<Nr 
f^<id of the wall, opposite to the one of which the elevation is 
V> be represented. Having set off a distance on A — B ^nal 
t\> the width b^iveen the side walls, construct the rectangle 
A BCD, of which the sides A — D and B — C shall be equal 
to the width within, between the front wall D — C and the 
back A — B. FaraUel to these four sides, draw the four sidei 
•— ^, h—^ &c, at the distance of the thickness of the exterior 
walls from them. The li^Tire thus constructed is the genial 
outline of the plan of the ejrterior walls. 

Xcxt pixjceed to draw the outline of the partitiiHi wall 
£— /^ separating the hall from the parl<»s. Xext the walb 
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i pantries, and ff, between the parlore. Then mark 
t the openings of the windows w, w, and doors d', d', in the 
Then the projections of the fi re-places, _/, in tlie par- 
Having drawn the ontline of sA\ these parts with a fine ink 
V4ine, proceed to fill it between the outlines of tlie solid parta 
Vent through, either with Bnmll parallel lines, or by a uniform 
1 black tint Then draw the heavy linea on those parte from 
(t^hich a shadow would be thrown. 

Ab the horizontal section will cut the staire, it is naual to 
[project on the plan the outlines of the steps below the plane 
' 1 full lines as in S ; and, sometinies, to show the position of 
e stairway to the etorj' above, to project, in dotted lines, the 
teps above the plane. 
If the scale of the drawing is eufficiently great to show the 
parts distinctly, the sections of the npright timbers that form 
the framing of the partition walls of the pantries should be 
diatingnished from the solid filling of brick between them, 
by lines drawn afiroes them in a different direction from thoBO 
of the brick. 

The plan of the second story iB drawn in the same manner 
as that of the first, and is usnally placed on one side of it. 

Front elevation. The figure of the elevation should I>e bo 
placed that its parts will correspond with those on that part 
rof the plan to which it belongs; that is, the outlines of its 
Ftwalls, of the doore, windows, &c!., should be on the perpen- 
diculars to the ground line, drawn from the corresponding 
parts of the front wall D — C. In most cases the outlines of 
the princijjal lines of the cornice are put in, aud those of the 
caps over the windows, if of stone when the wall is of brick, 
v&c. ; also the outline of the porch and steps leading to it. 
Y Section. In drawings of a structure of a simple character 
'like this, where the relations of the parts are easily seen, a 
single section is usually sufiicient, and in snch cases also it is 
nsnal to represent on the same figure parts of two different 
eoctioDs. For example, suppose O — P to be the horizontal 
trace of the vertical plane of section as far as P, along the 
nail; and Q — R that of one from the point Q opposite P 
klnng the centre line of the parloi-s. On the first portion will 





b» rixwi) the BirangeoMnt cf the iturvmT*; um] (mi 
dlier die ioterior ■magenwBto from Q towmrdi R. \ 
icgard to tbe poeidioa for the figure of the eeetioti, it may, 
•ome eases, be drawn bj taking a gronixl line pAnHd bo 
f IncG, and airuiguig tbe Imes <i tbe figure ca one ride of 
I fCTontid lioe in tbe eune rdadoii to the nde .ff — C^ o£ 
L pba, u tbe eleratue lus vitb lupeet to tbe aide ^- 
i m fliis medwd is not atvmjs caaTeaieart, it is osnal to 
I flie Eectioo as in the dnvin^ bBvii^ tbe nae gnmnd I 
Itfie deration, plaeii^ tbe parts baeatb tbe level of &» 
Rpoond htAaw tbe gronnd line. 

■ For tbe better nnderetaading of tbe relations of the parts, 
vbeie the seetkms of tvo parts are shown co tbe eame figure, 
it is well to draw a bearr uneven line from tbe \op to tbe 
bottom of the figure, to indicate the separation of the parts, 
as in T~JT; tbe part hereon the left of T— fTrqweeentiiig 
tile portion belonging to tbe tiall, that <»i the right tbe portitn: 
within tbe parlors. In other wonle, tbe figure teptesmts what 
would be seen bj a penon standing towards tbe aide A — D 
of tbe bonse, were the portion of it between him and the 
jdaae of sectioo remored. 

l^iiB figure represeota the section of the etairs and fioora, 
and the portion of the roof above, and basement beneath of 
tbe hall ; with a section of tbe paititicm walk, fiooiB, rot^ 
A«, of tbe other portion. 

Aa the relati<xts of the parts are all very simple and easilj 
■odentood, the parts of the plans as well as of the elevations 
and Tertical section being rectangalar, figares of wliich all tbe 
dimeorioiM are pat down, tbe drawings will speak for tbem- 
advea better than anj detailed description, Nothing farther 
need be obaerred, except that the drawing of the vertical 
McCioD may be commenced, as in the plans, by drawing the 
inner lines di tbe walls, and thence proceeding to put in tbo 
principal horizontal and vertical lines. 

RaaarkM. In drawings of this class, where the cbjeot 
nmply to show the general arrangement of the strnctnre, 
dimennoos of the parts are not usually written on them, but 
■re given by the scale appended to the drawing. "Where the 
object of the drawing ia to serve as a gnide to the boildoiVi 
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wlio is to erect the structure, the dunensions of everj' part 
should be carefully expressed in numbers, legibly written, 
and in such a manner that all those written crosswise the 
planj for example, may read the same way; and those length- 
wise in a similar manner; in order to avoid the inconvenience 
of having frequently to shift the position of the sheet to read 
the numbers aright. 

Where several numbers are put down, expressing the 
ipective distances of points on the same right line, it is 
C^UBual to draw a fine broken hne, and to write the numbers on 
the line with an arrow-head at each point, as shown in PI. 
XL Fig. a, which is read— 5 feet; 7 feet 6 inches; 10 feet 9 
inches and 7 tenths of an inch. 

Where the whole distance ia also required to be set down, 
may be done either by writing the sum in numbers over the 
iroken line, as in this case, 23 feet 3 inches and 7 tenths; or, 
itter still, with the numbers expressing the partial distances 
!low the broken line, and the entire distance above it, aa in 
'1. XI. Fig, b. Besides these precautions in writing the 
bers, each figure also should be drawn with extreme 
icuracy to the given scale, and be accompanied by an ex- 
planatory heading, or reference table. 
On all drawings of this class the scale to which the drawing 
made should be constructed below the figs,, and be accom- 
panied by an explanatorj- heading; thus, scale of inches, of 
feet to inches, or feet. In some cases, the draughtsman will 
find it more convenient to construct a scale on a atrip of draw- 
ing paper for the drawing to be made, than to use the ivory 
one; particularly, as with the paper one he can lay down his 
distances at once, without first taking them off with the 
dividers, in the same way as points are tranaferj'ed by a strip 
paper. In either case, the scale should be so divided aa to 
id in reading and setting off readily any required distance, 
mode of division for this purpose ia the decimal; 
id the following manner of constructing the scale the most 
invenient: — Having drawn a right line, set off accurately, 
from a point at its left-hand extremity, ten of the units of 
the required scale, and number these from the left 10, 9, &c., 
to 0. From the point, set off on the right, as many equal 
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dietanccB, each of the length of the part from to 10, ae n 
be requisite, and mimber these from to the right 10, 2 
&c. From this scale any number of tens and units can be at 
once set off. This scale should be long enough to set o£E iLa 
longest dimension on the di-awing. 

See, for example, the scale and its heading at bottom of PI 
TU. 

Preliminarif Problems in Projections. 

Before entering upon the drawings of 6ome of the many 
ubjects belonging to this class, it will be necessary to show 
die iiiamier of making the projections of the cone, cylinder, 
and sphere ; that of obtaining their intersections by a plane ; 
and also that uf representiu g their intersections with eacli 
otiier. 

Otflind&r. {PI. X. Fig. 107.) If we suppose a rectangle, 
ABCD^ cut out of any thin inflexible material, as stifE paste- 
board, tin, &c., and on it a line, — P, drawn through its 
centre, parallel to ita side B — 0, for example ; this line being 
BO lixed that the rectangle can be revolved, or turned about 
— Py it is clear that tlie sides A. — D, and B — 6', will, in 
every position given to the rectangle, be still parallel tu 
O — /*, and at the same distance from it. The side B — C, or 
A — D^ therefore, may be aaid to describe or generate a 
Burface, in thus revolving about — P^ on which right linea 
can be drawn parallel to — P. It will moreover be ob- 
aorved, that as tlie points A and B, with D and G ai-e, 
respectively, at the same perpendicular distauce (each equal 
to — B) from the axis — P, they, in revolving round it, 
will describe the circumferences of circles, the radii of which 
will also be equal to 0—B. In like manner, if we draw any 
other line parallel to A — B, or 1) — C, as a — S, its point h, or 
a, will describe a circumference having for its radios o — 6, 
which is also equal to O — B. 

The sttrface thus described is termed a right aircitlar 
ot/Under, and, fi-om the mode of its generation, the following 
properties may be noted . — 1st, any line drawn on it parallel 
to the line — P, which last is termed the axis, is a i-igbt Ime 
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! termed a right liiie element o£ the cjlinder ; 2d, any 
plane passed through the axis will cut out of the surface two 
right line elements opposite to each other; 3d, as the plaiiea 
of the L-irciiiiiferencea deseribed by the points B, h, i&c, are 
perpeudicnlar to the axis, any plane so passed will cut out 
of the Bui'fiicc a circumference equal to those already de- 
Bcrihed. 

I'roh. SS. (PI. X. Fig. 108.) I'rojec/ioiis of the cylinder. 
Let us ill tlie fij'st place suppose the cylinder placed on the 
horizontal plane witii its axis vertical. In tills position all 
of itB right line elemeuta, being parallel to the axis, will also 
be vertical and be prnjected on the horizontal plane in points, 
at equal distances from the point o, in which tlte axis is pro- 
jected. Describing therefore a circle, from the point o, with 
the radius equal to the distance between tlie axis and the ele- 
ments, this ciicle will be the horizontal projection of the sur- 
face of the cylinder. 

To cunstrnct the vertical projection, let us suppose the 
generating rectangle placed parallel to the vertical plane ; in 
this position, it will be projected into the diameter a — b at 
the cii'cle on the horizontal plane, and into the equal rectan- 
gle a'b'c'd' on the vertical plane ; in which last figure c' — d' 
will be the projection of circle of the base of the cylinder; 
the line a — h' that of its top ; and the lines a' — d\ and h' — c' 
those of the two opposite elements. As all the other elements 
will be projected on the vertical plane between these two last, 
tlie rectangle a'b'c'd' will represent the vertical projection of 
the entire sm-face of the cylinder. To show this more clearly, 
let us suppose the generating rectangle brought into a position 
oblique to the vertical plane, as e— ;/ for example; in this 
position, the two elements projected in e, and foa the hori- 
zontal plane, would be prajected respectively into e' — o', and 
f — A', on the vertical plane ; and as the one projected in f, 
f — h! , lies behind the cylinder, it would be represented by a 
dotted line. 

All sections of the cylinder parallel to the base, or perpen- 
dicular to the axis, being circles, equal to that of the base, 
will be projected on the horizontal plane into the circle of tlie 
Ijnse, and on the vertical in linea parallel to o' — d. All scr 
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lions through the axis will be equal rectangles; which, in 
horizontal projection, will be diameters of the circle, as a—/; 
and, in vertical projection, rectan^es as e^AV. All sections, 
as M — ^A'^, parallel to the axis, will cut out two elements pro- 
jected respectively in wi, m' — j/; and n, n' — u'. 

Note. The maimer of constructing oblique sections will 
be given farther on. 

Prob. S6. (PL X. Fig. 109.) Cane. If in a triangle, 
having two equal sides cT — p\ and c' — j/, we draw a line 
p' — o', bisecting the base c' — cT, and suppose the triangle 
revoh'ed about this line as an axis, the equal sides will 
describe the curved surface, and the base the circular base 
of a body termed a right cone with a circular base. 

From what has been said on the cylinder, it will readily 
appear that, in this case, any plane passed through the axis 
will cut out of the curbed surface two right lines like (P — p', 
and c' — ]/; and, therefore, that from the point j/ of the sur- 
face, termed the rerteXy right lines can be drawn to every 
point of the circumference of the base. These right lines are 
teimed the right line elements of the come. It ¥rill also be 
equaU}' evident that any line, as a — 6, drawn perpendicular 
to the axis, will describe a circle parallel to the base, of which 
a — 6 is the diameter, and, therefore, that every section perpen- 
dicular to the axis is a circle. 

From these preliminaries, the maimer of projecting a right 
cone with a circular base, and its sections either through the 
vertex, or perpendicular to the axis, will be readily gathered 
by reference to the figures. 

The horizontal projection of the entire surface will be 
within the circumference of the base, that of the vertex being 
at p. The vertical projection of the surface will be the 
triangle (fpY; as the projection of all the elements must 
lie within it. Any plane of section through the axis, as e—f, 
will cut from the surface two elements projected horizontally 
in p — f and p — e: and vertically in e" — p' and f^ — p'. Any 
plane passe<-i through the vertex, of which 3/ — A' is the hori- 
zontal trace, will cut from the surface two right line elements, 
of which p — m and p — n are the horizontal, and p' — m and 
p^ — n' the vertical projections. .Vny plane as R — »S passed 
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perpendicalar to the axis will cut ont a circle, of which a' — 5' 
is the vertical, and the circle deBcribed from p, with a diame- 
ter a — i cqaal to a' — b\ is the horizontal projection, 

J'roh. S7. Sjfh^e. (PI. X. Fig. 110.} Drawing any 
diameter, 0— P, in a circle, and revolving the figure around 
it, the circumference will describe the surface of a sphere; 
the diameter A — B perpendicular to the axis will descrilje ft 
fflrcle equal to the given one; and any chord, as a — 6, will 
describe a circle, of which a — h is the diameter. Supposing 
the sphere to i-est on the horizontal plane, having the asia 
O — P vertiuiil, every section of the sphere perpendicular to 
this axis will be projected on the horizontal plane in a circle ; 
and, as the section through the centre cuts out the greatest 
circle, tlie entire surface will be projected within the circle, 
the diameter of wliich, A—B, is equal to the diameter of the 
generating circle. In like manner the vertical projectioa 
will be a circle equal to this last. The centre of the spiiere 
will be projected in C and C ; and the vertical axis iu G 
and — P. Any section, as R — S, perpendicular to tha 
axid, will cut out a circle of which a — J is the diameter, and 
also the vertical ]>rojecti<jn ; the horizontal projection will be 
a circle described from C with a diameter equal to a — b. 
Any section, as M — jVJ by a vertical plane parallel to the 
vertical plane of projection, will also be a circle projected on 
the horizontal plane in m — n; and on the oertical plane in a 
fiircle, described irova 6" as a centre, and with a diameter 
equal to m — n. 

Remarhn. Tiie three surfaces just described belong to a 
class termed sui-faces of revolution , which comprises a very 
large number of objects ; as for example, all those which are 
fashioned by the ordinary tnmer's lathe. They have all 
certain pj'Operties in common, which are — 1st, that all sec- 
tions perpendicular to the axis of revohition are circles; 
2d, that all sections through the axis of revolution are equal 
figures. 

Prol. 88, (PI. X. Fig. 111.) To cmstruet the section of 
a Tight circular cylinder hy a plune oblique to its axis, and 
perpendicular to the vertical plans of projection. 
. let Method. Let aobh and a'h'cfd' be the projections of 
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fhe cylinder, and M — 3^^ the vertical traoe of the plane xA 

Jicctioa. TliLs plane will cut the surface of die cylinder \\ 

tlie curve of an ellipse?, all the points of which, since die cur^e 

is on the surface of the cylinder, will be horLzcc rally pmjecced 

in the circle iz*' 'i, and vertically :q rri' — fi'. since die czirt 

lies als*^ in the plane of section. Xow die plane cf secdon 

cuts the t\vv» elonienrs, pn>;ec:ed :n j, j'— •/, and 5. 5 — •.''. in 

the point? p:^^J\v:ed ::; J. an: irt ; and ?. and i". I: ens die 

two eleniov.rs p;>soc:evi in .: — : . and ,', and i* in die zcina 

pix>jecrovl ^c:':A■A '.'.>• iv * . i.. i 'n-:riL:n:^> in ; and L Tak- 

intr any o:i;o:* o'.o-.c:-.: i? :.ir •.-.e :r-ri;-ai in. -i. -i — r . d:e 
.• .... ... 

plane o;;:> *.: lu a pc::.: : r- o-::o: -f.-:.i.. ; .n ^ . m-i 2i:r-n:-c- 

hUlv i»^ ^. The fAv.:c vr .ri:-::: r ml ; Tuild jl;5ii; :y,ri 



sror.v. to t..o ;\ .... ... ■» — - r. •=...-:..* . 7* =i:cct n . ^ — j. 

«■• • • • •- 
1> Cl»« * ' •»•* »•»»..!• *...«?« ... . .fc_ .'.__« « ^^. ._ T-'Z ^C — 2 

^i\\v,'.Av\} v*A^^v.. vr :".. r.s'-x: : -Jir l.ze ; — '• :c die :a!?e. 

*Jw" .V. .-v-.y". A> ■'-■.: y.v.r f ?t^r.-n j? 7e77en«L'^rjAr :■:• 
tho \i'v:*.o;t*. ;v:i-.o *: y- ;-*.-. .*5 n-t.-^f -i -^e ir-s-::^"- 

p,H"» yl .. ^ ». » .,: >- "T ..T ...r Ji. — ." . ,»T.":tr_t^' AT 



'Xl«-* ^^«>««l.». .. V •.. ...... ...t ._ __' , , ■ ■ III '.. _ J^ . . J -- 

1 ■ ^ " - • . . 

wrtx » '.'. { ox A. V- ..i .. ■: ;. ■ ',.. .L .'. ks- . — . •: _ -it -r-j:.- 

ii!4» ■•*••'*••*"•• ■^-■- "*' - -- — ' - - • ffv — J . ' — . - — - 
mS>^''d, i' •/ x^V . .". .•c' ■■'.'.■. r *:jr 7.'-:" ^T'tll'l Iir. An«l nitf -.n-r 

M«s V, «n . 1 1 jov . ■••.'. : s. V «» ■; : ■ ■ > " :.-• . l • •*: ■: st*"Tj ■ n .&• T*r " jrc-:c<: 
\,Mn«:«li\ .-. . ':» V* \ * ■ ■■ ' : 'L-.' T. "-*«* :::•* j: — -:' . 
o)i (hi* i.isi ' ,v- .•-.■ -. y J : v.- " "•-' .-'■p-.^-i: -.u. T'lti'* :: 

II \ i.« t «l JN > ^ ». .. . ■ *■ • ■ ■■. I .. ..'t V !;i_ ^ 

■ •It !•• It'll ■ .» > >*"• -.•.■• 5. .'«-. -iU Si. -'It mIJC 

liiif I'l'i 1*^ .%*. . — ^ ■ ■ ; • -■ ^- ,' -j^ liiL-I-'i- il' I* 

,1 Mini I 1 1.1 r « , • • <. . •- : ■ • ■ : v-L.:u.j' — ^r 

, ,ii<* iIh- , .\ ■< . ••.'5. ' -• > 'r -::• :r -T :•.:•."• cf :f 

ill! |..>ii,r X \-^ ' • -. «■-■.<• -^ :.' : -m^'.t CiL'^ 

% • M'H I III \ loi. NX ," ■«. ' ■ : '■■•.-■ _:■"' :.Ts. its * . c . 

<i Mill in M !>•* :.' ', "s - ^: T. -: J-- -.--^ ' ibMiJlXA^Vt, tf 
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reqi iiiiig more simple cnnstractions ; but the Ist la the more 
suitable for this particular ease, as giving the results by the 
flimplest constructions that the proljlem admits of. 

Prob. S9. (PI. X. Fig. 112.) To cotistruct the aectiorui 
of a right cone with a circular base hy planes perpendicular 
to the vertical plane of projection. 

This problem comprises five cases. 1st, where the plane 
of section is perpendicular to the axis ; 2d, where it pasees 
through the vertex of thecouo; 3d, where its vertical trace 
makes a smaller angle with the ground line than the vertical 
projection of the adjacent element of the cone does; 4th, 
where the trace makes the same angle as the projection of 
the adjacent element with tlie ground line, or, in other words. 
Is parallel to tiiis projection; 5th, where the trace makes a 
greater angle than this line with the ground line. 

Cases 1st and 2d have already been given in the projections 
of the cone (Fl. X. Fig, 109) ; the [■einaining three alone re- 
main to he treated of. 

Case 3d. In this case, the angle NML, between the tract) 
M — ^of the plaue and the gi'onnd line G — Z, is less than 
that o'a'h', or that between the same line and the element 
projected in o' — a' ; and the curve cut from the surface of 
the cone will be an ellipse. 

From what precedes [Prob. 86), if the cone be iiitei-sected 
by a horizontal plane, of which g — I is the trace, it will cut 
fi-om the surface a cii-cle of which c' — d' is the diameter, and 
which will be projected on the horizontal plane in the cir- 
cumference described from o on this diameter; this plane 
will also cut from the plane of section a right line, projected 
vertically in »•', and horizontally in r — r" ; and the projec- 
tions of the points a and «, in whiuh this line cuts the projec- 
tion of the ciicnmference, will be two points in the projection 
of the curve cut from the surface. 

Constructing thus any number of horizontal sections, aa 
g — /, between the points m' and «' (the vertical projectiuna 
"f the points in which the plane of section cuts the tw" ele- 
ments pai-allcl to the vertical plane), any numler of poinia in 
the horizontal projectinn cf the curve can be obtained hke 
the two, s and u, already found. 
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which these intersect, will be pointa in the projection oi iha 
required curve. 
Tlie pointa m' and n', in which Jf— JV cata the vertical 

projection of the sphere, will be the vertical projections of 
the pointe in which Uie plane cuts the circle parallel to the 
vertical plane, and which is projected in a — iy the horizon- 
tal projectiona of these points will be rn., and n, on a — b. 
The horizontal projections of the points in which the plana 
cuts the horizontal plane g' — l', through the centre of the 
sphere, are o and d. The projection of the curve of intereee- 
tion is an ellipse, of which c — d is the tranavei-ae, and m — n 
the con j agate axie. 

Fig. A is the circle cut from the sphere, the diameter of 
which is m' — it'. 

Proh. 92. (Ph X. rig. 115.) To oonatmci th6 ewrvea of 
uiterseciion of the j}lanes of section and the surfaces in the 



In each of the preceding pi'oblems, the horizontal and ver- 
tical projections of the curves cat fi-om the surface have alone 
been found ; the true dimensions of these curves, aa they lie 
in their respective planes of section, remain to be deter- 
mined. 

Is;; Method. An examination of (Figs. Ill, 113, 113, 114) 
will show that as tlie pointa vertically projected in m' and n' 
and horizontally on the lines a — b, are at the same distance 
from the vertical plane of projection, the line joining thom 
will be vertically projected into its true length m' — n'. In 
like manner, the lines cut from the plane of section by the 
horizontal planes, as ^ — I, and projected horizontally in s — M, 
are projected in their ti'ue length, and they, moreover, he in 
the plane of section and are perpendicular to the line m' — n'. 
If we construct therefore the true poaitiona of theae liues, 
with respect to eaeli other, we shall obtain the true dimen- 
Bions of the curve. To do this, draw any line, and set off 
npon it a distance m' — n' equal to m' — n' ; from m', sot off 
the distances m' — g', m' — r', m! — ^', &c., equal to those on 
the corresponding projections jnl — j', &e.; through the 
points q' , t-', &c., draw perpendiculars to in.' — n' ; and on 
these last, from the aame points, set off each way the equal 
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coincide witli the vertical plane. - In likfe manner, 
ns of the points projected in s Bxid u are fouxld, by 
hroiigh the point r', their- vertical projection, a 
alar to M—JT, and setting off oti it the' lengths 

/•'— 'Wj equal to the respective lengths r— ^, and 
distances of the horizontal projections of th^ points 
jround line ] and so on for the other points.* 
i». A moment's. examination of the two methods^ 
ined, will show* that their results are identical, the 
■—Uj for example, being of the sarnie length and 

the same position, with respect to the equal lines 
Qd 7rt!"—n"'. The second shows the connection 
le different points more clearly than the first, and is, 
ses, the more convenient one for constructing them. 
)e seen farther on, that this principle of finding the 
ons of points in a plane, 'With respect to each other, 
rig the plane around some line in it, selected as an 

frequent and convenient application in obtaining 
tions of points. 

iouB of tJie rigJU cylinder and right cone in posi- 
*e their axes are ohlique to either one or hath planes 
ion. 
ina^ry Prohlems, The 2d method employed in the 

proposition, by which the true positi6ns of any 
I plane are found, when their projections are given, 
ug the plane to coincide with either the vertical or 

plane of projection, may be used, with great 
, for constructing the projections of any series of 
itained in a plane, in any assumed position of this 
3n the projections of the same points are known in 
position of the plane. 
4t. (PI. X. Fig. 116.) Let a'h'c'd' be the vertical 

of a circle, contained in a plane parallel to the 
ane of projection, of which O — P is the horizontal 
\ the plane, containing the circle, is perpendicular 
rizontal plane, all the points of the circle will be 
horizontally in the trace O — P. The points, of 
and S', for example, are the vi^rtical projectionji^ =4 

ected in a and 5, &c. 
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parallel to c' — d\ oe m! — m", remain of the eame leogth on 
the ellipse, and parallel to o" — d". 

In all oblique positions that can be given to the plane of 
a circle, with respect to either piane of projection, the pro- 
jection of the circle, upon that plane of projection to which 
it IB oblique, will be an ellipse ; the trans^'ei'se axis of which 
will be that diameter of tlie circle which is parallel to tha 
plane of projection, and the conjugate axis is the prnietition 
of that diameter which is perpendicular to the transverse axis. 
Whenever, therefore, the pi-ojectious of these two diameters 
can be found, tlie curve of the ellipse can be described by the 
OBual methods 

Prob. 95. (PI. X, Fig. 116.) Having tJis projeationa oj 
a figure contained in a plane perpendicular to one plane oJ 
projection, but obUqiie to the other, to find the true dimen 
giona of the figure. 

This problem which is the converse of the preceding is aisc 
of frequent application, in findinj^ the projections of points 
as will be seen further on. 

Suppose — /", the horizontal trace of a plane perpen 
dicular to the horizontal plane of projection, but oblique tt. 
the vertical ; and let the points a,, d, b\, Ac, be the horizontaj 
projections, and o", c", V , d" the vertical projections of tlie 
points of a figure contained in this plane. If we suppose the 
plane to be revolved about any line drawn in it perpendiculai 
to the horizontal plane, as the oue of which O, and M — A 
are the projections, until it is brought parallel to the vertical 
plane, the horizontal trace, after revolution, will be found in 
the position — P, parallel to the ground line ; and the 
points a^ c,', &c., in the new positions a, c, Ac, on O — P. 
The vertical projections of these points will be found ir 
a', o', b', d', &e., at the same height above the ground line a* 
in their primitive positions. The new tigure, being parallel 
to the vertical plane, will be projected in one a'b'c'd\ &o^ 
equal to itself. 

Remarks. This method, it may he well to note, will alsc 
Berre to find the projections of any points, or of a figure, con- 
tained in a plane perpendicular to the horizontal, but oblique 
to the vertical plane, for any new obUqae position of this 
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plane, with respect to the vertical plane, taken up, by revolv- 
ing it around a iine asantned in a like position to the one of 
which the projections are O, and M — M. 

Prob. 96. (Pi. X. Fig. 117.) To comtnict the profeciions 
of a given right cylinder with a circular base, the cyli/nder 
resting on the horizontal plane, with its axis oblique to the 
vertical plane of prnjeetion. 

We have seen {Prob. 85) that the axis of a right cylinder 
is perpendicular to the planes of tiie circles of its ends; and 
that, when the axis is parallel to one of the planes of projec- 
tion, the projection of the cylinder on that plane is a rectan- 
gle, the length of which is equal to the length of the axis, 
and the breadth equal to the diameter of the circles of ita 
ends ; constructing, therefore, a rectangle abed, of which tlie 
side b — c ia equal to the length of the axis, and the side a — b 
is the diameter of the circle of the ends, this figure will be 
the horizontal projection of the cylinder; the line o — -p, 
drawn bisecting the opposite sides a — b, c — d, is the pi-ojec- 
tioii of the axis. 

To make the vertical projection, it will be obeerved, tliat 
the bottom element of the cylinder, being on the horizontal 
plane, and projected in the line o — p, will be projected into 
the ground line, in the line c"— ^/'y whilst the top element, 
which ia also horizontally projected in o^p, will be pi-ojected 
in o'^p', at a height above the ground line eqnal to the 
diameter of the cylinder. The line s' — t', parallel to o" — p", 
and bisecting the opposite sides o' — o", and p' — p", is the 
vertical projection of the axis. 

The planes of the circles of the two ends, being perpendi- 
cular to the horizontal plane, hut oblique to the vertical, the 
circles {Prob. 94) will be projected into ellipses on the verti- 
cal plane; the transverse axes of which will be the lines 
o' — o", and p'^p", the vertical projections of the diameters 
of the circles parallel to the vertical plane; and the lines 
a' — b', and d' — c', the vertical projections of the diameters 
parallel to the honzontal plane, are tlie conjugate axes 
Constructing the two ellipses a'o"h'o', and d'p"c'p', the ver 
tieal projection of the cylinder will be completed. 

Having the projections'of the outlines of the cylinder, th« 
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projections of any element can be readily obtained. Le( 
QB take, for example, the eleiiieut which is horizoiitallj 
projected iu ^n — n. The vertical prinjectioiiB of tlie poiiita 
m, and n, will be in the curves of the ellipse? ; the former 
either at m. , or m." ; the latter at Ji', or n" y drawing, there- 
fore, the lines m' — Jt', and m"—n'\ these lines, which will 
be parallel to s — t', will be tlie vertical projections of 
two elements to wliich tlie hoiizoutal ])rnje(;tion m- — n cor- 
, responds. 

Frob. 97. (PI. XI. Fig. 118.) To construct the projec- 
tions, as in the last problem, when the axis isjHtraUel to the 
vertical, but oblique to the horizontal plans ; the cylinder 
ieing in front of the vertical plane. 

. This problem diffei-a from the preceding only in that the 
position of the cylinder with reepect to the planes of projec- 
tion is revereed; the vertical projection, therefore, in this 
case, will be a rectangle, having its sides oblique to the 
ground line ; whilst, iu horizontal pi-ojection, the elements 
will be projected parallel to the ground line, and the circles 
of tlie ends into two equal ellipses. 

To make the projections, let us imagine the cylinder rest- 
ing on a solid, of which the rectaTigle X^Y is the horizontal, 
and the one ^tlte vertical projection, and touching the hori- 
Bontal plane at the point of its lower end, of which e and a' 
are the pmjections. In this position, the rectangle c'd'b'a', 
constructed equal to the generating rectangle, will be the ver- 
tical projection of the cylinder; the lines o' — p', and o — j), 
the projections of tlie axis; and tlie two ellipses arbt, and 
which r — t, and St— u, equal to the diameters of the 
circles of the ends, are the transvei'se, and a — b, and c — d, 
the horizontal projectioua of the diameters parallel to the \'er- 
tical plane, are the conjugate axes, the projections of the ends. 
Any line, as m' — n\ drawn parallel to o' — p\ will be the ver- 
tical projection of two elements, the horizontal projections of 
which will be the two lines »i — n, diawu at equal distances 
from o — -p, the points m, m, and n, n, on the ellipses, being 
the horizontal projections of the points of which m', ajid n' 
we the vertical projections. 

Proh. 98. (PI. SI. Fig. IIQ.) To constTMet the prqjt,y. 
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UomMj maii^the IjutprMem^ when the axU of ike tfflmdfit n 
Mijue to hoik planes ofprajedioiL, 

To annplify tliis case, let us imagine the cylinder, with flia 
solid X J^ Z cm which it restB, to be diifted round, or v^ 
TolTed^ to as to Imng them both obliqne to the Tertical ^ane 
of projection, but without changing their poeitioa with reqpect 
to the honaonbd plane. In thianewpositicmyanoetheejiin- 
da' majntaimi the same lelati^e sitoation to the horiaontd 
plane as at fint, it is CTident that its horiaryntal projeetioQ 
will be the same as in the preceding case; the projecticHis of 
the axiB and elements being only obliqne instead of parallel 
to the groond line. MoreoTK* as all the points of the cylin- 
der are at the same height above the horizontal plane in the 
new as in the former positicm, their vertical projections wiU 
be at the same distance above the groond line in both posi- 
tioiis; having the hcmxontal projecticm of ai^ pmnt in the 
new poffition, it will be easy to find its vertical ^ojeetioQ bj 
the nsoal method, Pfvb. 9^ In the vertical j^ojection cf 
the axis </— j/, in the new positicm, the points ^, vAjf wiU 
be at the same distance above the groond line as in the origi- 
nal one. The Tntical jwojections of the circles of the ends 
win be the dKpees a^r^Vfy and e's'd'u'. The vertical jMOiec- 
tioiis of the el«nents, of whidi the two lines at — fs are the 
huriaontal projection, will be the lines at'— 4»',and as^— 4»''; 

B em arki, The preceding problem natorally leads to the 
metiiod of coostmcting the projections of anj body, npon 
any vertical plane placed obliquely to the <Miginal vertical 
^ane of psojection, when die projectiofis on this last plane 
and the horiaontal jdane are given. A nK>ment's reflection 
win show thaty whether a body is placed obliquely to the 
criginal Tsrtical plane and in that podtion jNTOJected on it, cr 
whedwr the projection is made on a vertical plane oblique to 
the ordinal verldcal jdane, but so placed, with l eq p cc i to Ae 
body, diat die latter will hcid the same position to the ohIiqDa 
plane diat it does to die original vertical fdane, die result la 
both cases vrin be die sameu I^ for ezam^i^ 6^ — H be 
taken as die trace of a vertical phuie oblique to die original 
mtka l plane of projeetion, a2!id sodi diat it makes die sams 
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angle, O'Md, with the horizontal projection of the axis of 
the cylinder, as the latter, in its obliqne poBition to the origi- 
nal ground line G — L, makes with this line; and the cylin- 
der be thus projected on this new vertical plane, and with 
reference to the new ground lino, Q' — L' in the same manner \ 
as in its obliqne position to the oi-iginal vertical plane of pr> . 
jection, it is evident that the same results will be obtained in 
both cases; since the position of the cylinder, with respect to 
the original vertical plane, ia precisely the same as that of 
tlie new vertical plane to the cylinder in ite original position. 
If, therefore, perpendiculars be drawn, from the horizontal 
projections of the points, to the new ground line 6' — L\ and 
distances be set off upon them, above this line, equal to the 
distances of the vertical projections of the same points above 
G — i, the points thus obtained will be the new vertical pro- 
jections. 

By a similar method it will he £een that a vertical projeo- 
tion on any new plane can be obtained when the horizontal 
aud vertical projections on the original planes of projection 
are known. 

Prob. 99. (PI. XL Fig. 120.) To conatruct ike prajeo- 
tions of a right cone with a circular hose, the cone resting on 
its sides on the horizontal plan^e, and lutving its axis paraUd 
to the vertical plane, and in front of it. 

In this position of the cone, its vertical pi-ojection will be 
equal to its generating isosceles triangle, a'h'c' ; and the line 
c' — o' drawn from the projection of the vertex, and biseutinfj 
the projection of the base, a' — V, is the projection of the 
axis. 

To constrnct the horizontal projection, draw a line h — c, 
at any convenient distance frara the ground line, for the posi- 
tion of the horizontal projection of the axis ; and find on it 
the horizontal projections c, and o of the points corresponding 
to those c', and o' of the vertical projection of the axis ; 
through the point o drawing a line d — e perpendicular to 
S — c, and setting off from o the distances o — d, and o — e, 
equal to the radius of the circle of the cone's base, the line 
d^—e will be the transverse axis of the ellipse, into winch the 
pircle of the base is projected on the horizontal plane. The 
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points b, and a are the horizontal projections of the points ol 
the base of which J>' and a' are the vertical projections}, and 
h — a, ia the conjugate axis of the same elUpse. 

To find the horizontal projection of any element, of which 
c' — m', for example, is the vertical projection, find the horir 
xontal projections j», m corresponding to m' and join them 
with a / the two lines o — r» will be the horizontal projectioiia 
of the two elements of which i' — m' is the vertical projection. 

,If it is required to find the horizontal projections of any 
circle of the cone parallel to the baee, of which k'—J", paral- 
lel to a' — &', is the vertical projection, find the liorizontal pro- 
jection i of the point correspond in g to the projection i' on the 
axis ; and through i draw ^ — q jiarallel to d — e / this will 
give the transverse axis of the ellipse into which the circle ia 
piujected on the horizontal plane; the points f, and /(, cor- 
responding to f and A', are the horizontal projections of the 
extremities of the conjugate axis^^ — j^. 

Pi-oh. 100. (Ph XI. Fig. 121.) To construct the prqjea- 
tions of the cone resting, in the same manner as in the last 
^oblem, on the horizontal plane, and having its axis obliqut 
to the vertical plane of projection. 

In this position of the cone its horizontal projection will be 
the same as in the last problem ; the vertical projections of 
the different points will be found as in the case of the cyhn- 
der having its axis oblique to both planes of projections; 
fiiuce the heights of the different points above the horizontal 
plane remain as tliev wei'O before the position of the cone 
was changed witli respect to the vei-tical plane. 

Proh. 101. If we imagine the cone so placed, with respect 
to the vertical plane, that the horizontal projection of its axis 
Ib perpendicular to the ground line, then its vertical projec- 
tion will be as represented in (PI. XI. Fig. 122), in which 
the element, or side on which the cone rests, will be projected 
in the point e'/ and the circle of the base into the ellipse 
a'h'c'd , of which a' — d\ parallel to the ground line, and 
equal to the diameter of tlie circle of the base, ie the transverse 
axis. The projection of any circle parallel to the base will b« 
constructed in a like manner. 

Froh. 102. (PI. XII. Fig. 123.) To oonatruct theprtgeo 
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^Hont of a right hollow eylA^ndsr •atith a avrcular hose, hamng 
iia (ncis pai'aUel to the vertical plane, hut oblique to the horir 
zontal plane of projection ; the cylinder touching the horv- 
zontal and being in front of the vertical plane. 

This ease differs in no other respect from Prob. 97, Fig. 
118, than in having for its base a circular ring instead of a 
circle. The vertical projection of the outer surface of the 
cylinder will be the rectangle a'h'c'd' ; that of the interioi 
surface a"h"o"d" ; and tliat of the axis the line o' — p', mak- 
ing the same angle with the ground line as the axis itself does 
with the horizontal plane. 

The horizontal projections of the exterior and interior cir- 
cles of the upper end are the two concentric ellipses arbt, and 
a'r'h't' / those of tlie lower end the two ellipses csdu, and 
c's'd'u' / and that of the axis the line o — p. 

If we construct the circular ring of the upper base (PI. 
XII. Fig. 134), and imagine planes of section so passed 
thi-ough the axis of the cylinder as to divide it into eight 
equal parts, these planes will cut the ring of the upper end 
in lines, as r — 7n, g—p, &a., di'awn through the centre o of 
the exterior and interior circles ; and the ring of the lower 
end also in corresponding lines. The same planes will cut 
f i-ora the exterior surface of the sides corresponding elements, 
which will be vei-tically projected in the lines _p'^^", m' — n', 
t&c, of the exterior, and the lines g' — j", r' — ?•", &c., of the 
interior surface. The cori-esponding horizontal projectionB 
of these lines are m — n, r" — r'", &c. > 

Prob. 103. {PI. XII. Fig. 125.) To eonstruct the projeo- 
tiona of the hollow cylinder, as in the last problem, the axis 
remaining the same with reaped to the horizontal, hut obliqut 
to the vsi-tical plane. 

This case is the same, in all material respects, as in Prob, 
98. Fig, 119. The horizontal projection will be the same aa 
in the last case ; and the vertical projection also will be deter- 
mined, from the vertical projection in the last case, in the 
eame manner as in Prob. 9S. Fig. 119. 

Prob. 104. (PI. XII. Fig. 126.) To construct thepr^eo- 
tions of a hollow hemisphere, resting on the horiaontal plant 
mtd in front of the vertical; the plane of section of tht 
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Tlie Tertical projection will be found, as in similar cases 
preceding, by finding the vertical projections of the pointi 
corresponding to the horizontal projections in the new posi- 
tiins, which will be at the same height above the ground line 
in the new as in the preceding position. 

The exterior surface of the hemisphere will be projected 
on the vertical plane in the semicircle g'p'h', of which o' iM 
the centre, and o' — ^' the radius. 

The horizontal projection of the diameter, correaponding to 
^ — A', ia the line g — h, parallel to the ground line. 



, Intersections of ike preceding Surfaces. 

I The manner of fijiding the projections of the lines cut from 
■nrfaces by planes of section, aa well as tlie true dimensiont 
of these sections, has already been 8ho\vn {Prohs. 8S, &o.), 
but in machinery, as well as in other industrial objects, the 
curved portions are, for the most part, either some one of the ■ 
preceding surfaces of revolution, or else cylindrical, or coni- 
cal surfaces, which do not belong to this class : and as these 
surfaces are frequently bo combined as to meet, or intersect 
each other, it is very important to know how to find the pro- 
jections of these lines of meeting, or intersection ; and, in 
some cases, even the true dimensions of these lines, Thd 
object then of this section will be to give some of the more 
usual cases under this head. 

Prob. 106. (PI. XI. Fig. 128.) To construct thepro^ee- 
tioTis of the lines of intersection of two circular right cylin- 
ders, the axis of the one heing perpendicular to (he Aonsoiiial 
plane, and of the other parallel both to the vertical and hori- 
zontal plane. 

In examining the lines in which any two surfaces, whether 
plane or curved, meet, it will be seen, as in the cases of 
Prohs. 88, &e., if the two surfaces are intersected by any 
ulane of section, through a point of their line of meeting, that 
this plane will cut from each surface a line ; and that the 
lines, tlius cut from them, will meet on the line of intersection 
if the fiurfacea, at the point through which the plane of 
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■ectiQii IB passed. From tliiB, it will also I 
order to find the line of intersection of two surfaces, they 
must be intersected by plaues in such a way as to cut lines 
out of the respective surfaces that will meet; and the points 
of meeting of the lines, thua found, being joined, will give 
the Hnes of meeting of the surfaces. To apply this to the 
problem now to be solved, let ns imagine the surfaces of the 
two cyhnders to be cut by planes of section which will cut 
right line elements from each, the points of meeting of these 
elements, in each plane of section, will be points of the 
required line of meeting of the two surfaces. 

I^et the circle a^cd he the horizontal projection, and the 
reetaugle a'i'l'i' the vertical projection of the cylinder per- 
pendicular to the horizontal plane ; the point o, and line 
o' — jp' being the projections of its axis. Let the rectangles 
/ffhe, and r'3'a"r" be the projections of the other eyliuder, 
the lines r — s and ff' — A' being the projections of its axis. 

In these positions of the two cylinders, tlie vertical one 
intersects the horizontal one on its lower and upper sides; 
and the two curves of iutei-section will be evidently in all 
respects the same. Moreover, as these curves are on the sur- 
face of the vertical cylinder, they will be projected on the 
horizontal plane in the circle abed, in which the surface of 
the cylinder is projected. The only lines then to be deter 
mined are the vertical projections of the curves. To do this, 
according to the preceding explanation, let ns imagine the 
two cylinders cut by vertical planes of section, parallel to the 
vertical plane of projection. 

Let the line t — u, for example, parallel to the ground line, 
be the trace of Ml!" of these planes. This plane will cut from 
the vertical cylinder two elements, which will he horizontally 
projected in the points 7n and 7t, where this trace cuts the 
circle, and vertically iu tlie two lines m' — »', and n' — a'. 
The same plane will cut from the horizontal cylinder two 
elements, which will both be projected horizontally in the 
trace t — u, and vertically in the two liiJes t' — u', and t" — u", 
each at the same distance from the line g" — A' ; the oue above, 
the other below this line. To find the distance, let a circle 
#'«"A", &c.. be described, having its centre r', on the line 
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t prolonged, and with a radins equal to 8 — A, that of the 
base of the horizontal cylinder. This circle may be regarded 
as the projection of the hoH^onta] cylinder on a Tertic&l 
■plane, taken peqiendicnlar to the axis of the cylinder. In 
this position of the plane and cylinder, the elements of the 
cylinder will be projected into the circuraferenee e'u"h'\ &c., 
of the circle ; and its axis into the point r', tlie centre of the 
circle. The two elements cnt from the cylinder, by the plane 
of which t — u is the trace, for example, will be projected in 
the points u', and u" ; each at the equal distances v' — u', 
and v' — u" from the horizontal diameter e' — A", of this cir- 
cle. Drawing the lines t' — u', and (" — u", at tlie same dis- 
tance from^' — h' as tlie points u' and u" are above and below 
the horizontal diameter e' — h", they will be the projections on 
the primitive vertical plane of the same elements, of which 
«' and u" are the pi-ojeetions on the vertical plane perpendi- 
cular to tlie axis. The fonr points x', x', and x", x", in which 
the lines t' — u', and t" — u" cut the lines m' — ai', and n' — 3' 
will be the projections of four points of the curves in which 
the cylinders intersect. In like manner, the vertical projec- 
tions of as many points of the curves, in which the cylinders 
intersect above and below the axis of tJie horizontal cylinder, 
may be found, as will be requisite to enable us to draw the 
outlines of their projections. 

The portions of the curves, drawn in full lines, lie la front 
of the two cylinders ; the portions in dotted lines, lie on the 
other side of the cylinders. 

The highest points d, and of the lower curve will lie on 
the elements of the vertical cylinder, projected in the points 
d, and c. The lowest points y, y of the same will lie on the 
lowrat element of the horizontal cylinder, projected in r — a. 
'The Gorreaponding points of tlie upper curve will hold a 
reverse position to those of tlie lower. 

Proh. 107. (PI. XIII. Fig. 129.) To construct the pro- 
Jections of the curves of intersection of two right cylinders^ 
tme of which is vertical, aiid the othei- inclined to the hori- 
tontal plane, the axea of both being ^rallel to the vertical 
plane. 

Ijet the trapezoid a'Vk'o' be the vertical projection of the 
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tions of(ht ffurvet of intersection of a Tight eone and right 
cylinAm; the axis of the cone being vertical, that of the eylin 

der horizontal and parallel to the vertical plane. 

Let abod be the circle of the base of the conu, and o the 
projection of its axis; a'o'b' the vertical projection of the 
cone, and f '— p' tliat of its ajiis. Tlie rectangles efgh and 
r'a's"r", tlie projections of the cylinder. 

If we intersect these surfaces by horizontal planes, any 
euch plane, as the one of which t — u is the vertical trace, 
will cut fi-om the cylinder two elements, of which t — u 
is the vertical projection, and from the cone a circle of 
which m — n is the vertical projection ; the projections of 
the points, in which the elements of the cylinder cut the 
cireiimference of the circle on the cone, will be points in the 
reqnired projections of the curves. The circle cut from the 
cone will be the one zt/x, the radius of which, a — s, is equal 
to g' — m. To find the corresponding horizontal projections 
of the two elements cut from the cylinder, first on tlie pro- 
longation of ^' — g', descnbe a circle a"uf, &c, (PL XIII. 
Fig. 182), with a radius a" — g", equal to that of the end of the 
cylinder, this circle may be regai-ded as the projection of the 
cylinder, on a vertical plane perpendicular to the axis of the 
cylinder; the two elements, «ut from the cylinder by the 
plane of which t — u is the trace, will be projected in the 
points v', and v", at equal distances i — v' and i — v" from tlio 
vertical diameter s"^f of the circle. These two elements 
will be projected on the horizontal plane in the two lines 
t — u, at the equal distances i — v', i — v" from the horizontal 
projection n — s of the axis. The points y, y and x, x, where 
these lines cut the circumference of the circle o — z, will he 
the projections of four points of the curve ; the points y' and 
e' are the corresponding vertical projections. 

In the positions here chosen for the two surfaces, the 
cylinder fits, as it were, into a notch cut into the eone. The 
edges of this notch, on the surface of the cone, are projected 
vertically into the curvilinear quadrilateral d'e'o"e'd'c' ; Jia 
points e' being the highest, and c" the lowest of the upper 
edge; those d' being the lowest and o' the highest of ths 
lower edge. 
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Fig.'132 represents the projections of the enrfaces' on a 8id» 
vertical plane perpendicular to the axis of the cylinder. 

The projections of the same curves, when the axis of the 
cylinder is placed obliquely to the vertical plane, are obtained 
by the same processes as in the like cases of pi-eceding 
problems. 

Memarks. When the cylinders, in the preceding Prohs.,, 
have the same diameters, and their axes intellect, the curves 
of intersection of the surfaces will be ellipses, and will bo 
pi'ojeeted on the vertical plane into right lines, when th« 
axes are parallel to this plane. In like manner, in the inter- 
section of the cone and cylinder, the cnrves of intei-section of 
the two surfaces will bo ellipses, when the axes of the two 
surfaces intersect, and when the position of the cylinder ia 
such, that the circle, into which it is projected on the vertical 
plane perpendicular to its axis, is tangent to the two elements 
that limit the projection of the cone on the same plane. In 
these positions of the two surfaces, if their axes are jiarallel 
to the vertical plane, their carves of intei-sectiou also will be 
projected into right lines. 

Proh. 110. (Pi. SIIL Fig 133.) To consirud the jtro- 
Jediona of the curve of intersection of a circular cylindvi 
and hemisphere, the axis if the cylwd^ being vertical. 

Let the circle adbo be the horizontal, and the rectangle 
a'b'z'x' the vertical projecttcai of the cylinder; p, and_p' — q' 
the prajections of its axis. 

Let the semicircles ghi, be the horizontal, and g'h'i' the 
vertical projections of the froiit half of the hemisphere, being 
that portion alone which the cylinder enters; o and o' the 
projections of its centre. 

Any horizontal plane will cnt from the quarter of the 
sphere, thus projected, a semicircle, and from the cylinder a 
circle; and if the plane is so taken that the semicircle .and 
circle, cut from the two surfaces, intersect, the point or points, 
in which these two curves intersect, will be points in the 
intersection of the two anrfaces Let rn, — n be the vertical 
trace of such a horizontal plane ; it will cnt from the sphsrical 
enrface a semicircle projected vertically in in — n, and hori- 
zontally in the semicircle rtiseyn, the diameter of which i« 
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t equal to m — n. This semicircle cnta the circle adhc, which 
j.iH the horizontal projection of the one cut bj the same plana 
I from the cjlinder, in the two points x and ji, which are the 
r horizontal projections of the two points required; tJieir vertical 
L projections are at x' and y', on tlie line «i — n. Bj a. like con- 
I Btruction, any required number of points may he found. 

The highest point of the projection of the required curve 

) will evidently, in this case, lie on that element of the cylinder 

I which is farthest from the centre of the hemisphere ; and 

»' the lowest point on the element nearest to the same ptiint. 

k Drawing aline, fi-om the projection o of the centre of the 

t hemisphere, thi-ough j>, that of the axis of the cylinder, the 

points c and d, where it cuts the circle abed, will give the 

projections of the two elements in question. The vertical 

projections of these points will therefoi'e be found at c' and rl', 

on the vertical projections of the semicirclea of which o — c, 

' and o — d are the respective radii. 

The curve traced through the points c'x'd'y', Ac, is the 

I vertical, and the circle ailOc the horizontal projection required. 

Proh. 111. (PI. Xin. Fig. 134.) To construct the pro- 

I jectiovs of the awvus of intersection of a right circular cotn 

* and sphere. 

The processes followed, in this problejn, are in all respecta 
I the same as in the one preceding. Any horizontal plane will 
\ ent from the two surfaces circles, and the points in which 
\ the two cii'cles intersect will be points of the required curve. 
Let ghih and g'h'i'k' be the projections of the sphere ; o and 
I o' those of its centre ; ayhc and a'o'b the projections of the 
f oone ; o, and o'—^p' those of its axis. 

Let m' — n' be the vertical trace of a horizontal plane. Thia 
I plane will cut from the sphere a circle of which m' — n', and 
k fnjyiiy are the projections ; and from the cone one of which 
■ r' — a', and rxsy are the projections; the points x and y in 
horizontal projection, and x' and y' the corresponding ver- 
tical projections of the points where the two circles iuterseet, 
are projections of the points of the required cnn-e. In like 
manner, the projections of any number of points may be 
obtained, both in tlie lower and upper curves, in which tha 
eone peneti-atea the sphere. 
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J)eveloptnent of Oylindrical and Conical Surfaeet. 

Cylinders and cones, when laid on their sides on a plane 
larface, touch the surface throughout a right line element 
If, in this position, a cylinder be rolled over upon the plane, 
until the element, along which it touched the plane in the 
first position is again brought in contact with the plane, it iS 
evident that, in thus i-olling oser, the cylinder would mark 
out on the plane a rectangle, which would be exactly equal 
in surface to the convex surface of the cylinder. The base 
of the rectangle being exactly equal in length to the circum- 
ference of the circle of the cylinder's base, and its altitude 
equal to the height of the cylinder, or the length of its 
elements. 

In like manner a cone, laid on it« side on a plane, and 
having its vertex confined to tlie same point, if rolled over on 
the plane, until the element on which it first rested is 
brought again into contact with the plane, would mark out a 
surface on the plane exactly equal to its convex surface; and 
this surface would be the sector of a circle, the arc of which 
would be described from the point where the vertex rested, 
with a radius equal to the element of the cone ; the length of 
tlie arc of the sector being equal to the circumference of the 
base of the cone ; and the two sides of the sector being the 
same as the element in its first and last positions. 

Now, any points, or lines, that may have been traced on 
these surfaces in their primitive state, can be found on their 
developments, and be bo traced, that, if the surfaces were 
restored to their original state, fram the developments, these 
lines would occupy upon them the same position as at first. 

The developments of cylinders and cones are chiefly used 
in practical applications, to mark out upon objects, having 
cylindrical or conical scrfaces, lines which have been ob- 
tained from drawings representing the developed surfaces of 
the object. 

Frob. 112. (PI. XI. Fig. 135.) To develop (As mrfae» 
of a right cylinder ; and to obtain, on the developed av/rfaee^ 
the ewved line cut from the cylindrical surface by a plane 
obltgwe to the axie of the cylinder. 
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Tamti^( to /VhIl SS, ¥%. Ill, wliidi h die smine as tie 
m^ of wl^A tli» denilnMM ■! k here reyriredL Dimwarigut 
Un^ OVk wKieli ^et cJF a tee^^th •— «, equal to the eireiimfer- 
^no^ c^ici of tiie cy!i&der% faase ; tfaroiigh the pcMnts a, ooo- 
Kruot per]>eftd)eala:!S lo < — a. ca nAidi set off die distances 
— a\ equal lo tiie ajizisde x'— «' of die ^linder; join 
u' — aV the reetai^je ^ms'm' ^ the entire deTelqped convex 
aurface cf the crSakder. GoeKaMaBi^ at die pcnnt a, on die 
left) next set off &t dissanee^ « — «• e — e, c — iy dbc^ respec- 
tively eqaal to ihe GjETT^Mndia^ portians of die circam£»^ 
euoe a — ^^^ <fec. : aaid. at these pcinss^ eonstmct perp^idicn- 
lari to «— <«. To Sstd the derekped position of the cnire 
projected perdcaZh- ia the pnnis niym^ Ac ; on the perpoi- 
dicuUis ai d. BE£ '^ the tvo dSsamoes « — et^ eqnal eadi to 
m — ^ ca the prejetsSGei <i the erliader; at € and^ the dis- 
tances &—4L msiij^—*, ta^ eqnal «> ^*— « on the piojection of 
the eTlinder, Axl ; az»d io oq iot the odier points. Through 
the poinis m^^ik. Ae^ oq the deT^-ipment, trace a curve; 
this will be the derekoed corre reqniied. 

To ^Kfw vat }cact5£al aj^dkaoion of this problem, let ns 
anppciee we haj^ a cylinder of any dolid materiaL. on the 
aoifaoe of wh5c& we wi^ to mark oni die line that an obiiqne 
plane vooM em from it. We wc^M first make a drawing 
of the iidera&tO'Ci <jf the cx-linder and plane^ as in Prob. 92, 
either o!ii iije «uaae scale as the given solid, or on a prc^r- 
tional sea^ : az>i then the deTTelc^meni of the cnrre. If the 
drawing i§ <jsi lije same scale as the modeL the developm^it 
may be drawn ax cAce on thick paper, cht thin pasteboard ; 
and the paper be ^erj accurately cut off along the develc^)ed 
ouxe. Tbea wra^ing this portion an>und the solid, so aa 
to hn^ the line a — a to oi>incide with its base« and the 
two tAgm «— ^' to meet accurately, the oure may be accu« 
ratify traeed by moving any sharp pointed instrument care- 
fuiiy ako^ the upper curved edge of the paper. 

PtkA. 113. (PL XI^ Fig. ^36.) To detdop tie wr- 
face ^ a right cone^ and that of the tncrm cutjrom Ae «i0^ 
fi^ee hf a plane M\q\u to the axie of the come^ 

Tormiic^ to Proi. S9 (Fig. 112), fake the distance o'-^o', tha 
faagth of the element, and from the point o' (Fig* IM) 
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defic^ibe an arc. GommeDcing at any point, a, of this arc, 
set ofF along it a length, a — a, equal to the circumference 
Cbebfoi the cone's base ; next set off on this arc the distances 
a — ^, e — J, &c., respectively equal to those a — ^, e — J, &c., 
of the cone's base; and through them draw the radii & — e^ 
(&c. The sector, thus obtained, will be the developed sui 
face of the cone ; and the radii on it the positions of the 
elements drawn, from the vertex, to the points a, ^, hyfoi 
the circumference of the base, which pass through the points 
W, 7*', n\ the vertical projections of the curve. The distances 
o* — 7n' and o' — «', from tlie vertex to the points projected in m/ 
and «', are projected in tlieir true lengths ; setting these off, 
therefore, on the radii o' — a and o' — b from o' to in' and «', 
we obtain three points of the developed curve. To obtain 
the true length of the portion of the elements drawn f rojn 
the vertex to the points projected in r' ; draw, through r', 
the line x — y parallel to a' — h' ; then o' — x will be tliis re- 
quired length. Setting this length off, along the radii drawn 
through c and dj from o' to /•', we obtain the points correspond- 
ing to those of which r' is the projection. The curve in'n'r's'^ 
i&c, traced through these points, will be the developed carve 
itxjttirod. 
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Proh. \. (PL XXL Fig. 2.) To find the shadow of a cuU, 
The edges which cast shadows are a — a' J', ae — a\fe — c'a', 
f^^d\ The shadow of the first must commence at a, where 
the line pierces H ; joining this point with o^ the shadow of 
A (a, a\ we have the shadow of the line a — a'V ; no is the 
shadow of ae — a' ; mn oife — </a'; and^m oif—<id\ 

Notice that on is equal and parallel to ae — a\ and mm, to 
fe — da'; whence we derive the principle that, 

The shadow of a right line upon a plane is equal andpar-- 
aUd to the Une^ when the Une isparaUd to the plane. 

Notice also that ao and/m both correspond with the diree- 
tion of the projection of light upon H ; whence the principle 
that, 

The shadow of a right Une vpon aplane^ to which it is per- 
j>endicula/ry luis the same direction as the projection of light 
upon iha^ plane. 

Remark, In drawing these problems the shadows might 
be made with parallel lines, or with a flat tint of India ink. 

Prdb. 2. (PL XXL Fig. 3.) To find the shadow of the 
frustum of a squa^re pyramid. Find, first, the shadow of the 
vertex. FJff, and VS are the edges of the pyramid which cast 
shadows, and hx and 9X are the shadows of those edges. To 
find the shadow of the point jE* it is sufficient to draw the hori- 
zontal projection of the ray through e until it meets hx at t ; 
or it might be found in the regular way ; dt is the shadow of 
he — h'e! ; the shadow of ho — ho' is a parallel through d^ the 
intersection of this with sx completes the required shadow. 

Proh.Z. (PL XXL Fig. 4.) To find the shadow of a short 
hexagonal prism. The edges which cast shadows are g — c!o\ 
ho—b'&, bd-b'c\ de—cf\ e—fh, ae—h'kf, af—hld, and 
cf—h'o' ; these are all right lines, and the construction of 
their shadows is evident from the figure. 

Find the shadow when the prism rests with one of its facet- 
in the horizontal plane, and the bases parallel to V. 

Prdb. 4. (PL XXL Fig. 5.) To find the shadow of a ver- 
tical cylinder. To determine the lines of the convex surface 
which cast shadows, pass vertical planes of rays tangent to the 
cylinder; en and tl are their traces ; these are tangent to the 
ejrlinder along the elements e — do'j t — fr\ the lines of the 



•fAaiu On the ajqper base that put of the circle to the 
f%^ and between t and €, easts a sbadov. 

The dements of shade cast the shadows «tJt' and itt^. 

To find the shadow of the clrdi^ aasome points B^ P^ IT, 
and find dieir shadows «', mk\ z\ 

ABBome a short cylinder in a poadoQ similar to Aat of the 
prisn in Fi^. 4^ PL XXL, and tind its shadow on Fl 

Pro*. 5. (PL XXL Fig. 9:> Slkadi>w of a e^indriad aba 
€9U uj^jik am oda^nal jm#m. That part of the lower base 
at the abacas nearest the light casts the shadow ; to determine 
how mach of it casts the shadow, pass vertical planes of rap 
tangent to the prism^ a? and wx are their trac^; these planes 
intersect the lower base in the points a and ir / that part of 
the circle between th^e points will cast the shadow. 

To find the shadow^ assume any Tertical planeof rajs whose 
horizontal trace is «^ / this plane intersects the prism in the 
Terticai line i — nt" ; it also intersects the circle in the point 
S; the shadow of «$ will be at the intersection of the ray 
throogh 4^ and the line t — nt\ which gives us the point n\ 
In the same wa v other points of the shadow mar be found : 
to find the points where the shadow crosses the edges of the 
prkm, {NTOceed in the same way, passing the jdanes of ray^ 
durongh the edges« 

Find the shadow of a square or he^ag^xial abacus^ upon a 
Ttftical cylinder. 

iVoi.& (PL XXL Fig. &) SAadcwaniiUmarofAoOaw 
9€mi<ylinder. Suppose the cylinder to be vertical and cot- 
ered by the board aii.'dy a' — b' ; the left-hand edge of the 
cylindtf y and the lower front edge of the board are the linea 
which cast shadows on the interior. 

The shadow of the edge of the cylinder is found by pass 
ing a plane of rays through it ; this intersects the cylinder in 
die element A, A' — o' ; A' is the shadow of ^. The shadow of 
the board is found by assuming points^ as 7^ JT^ etc^ andfind- 
ing thefr shadows in the same way that the shadow of RmB 
foond. 

Tiai tibe shadow on the interior wb^i die board la le* 
Koved. 
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Proh. 7. (PI. XXIL Fig 1.) Shadow on st^a. Let the 
itepB be giveu as in the ligui'e, there beinj; a wall at one end. 
It ia required to find, first, the shadow of tlie wall on the 
Bteps, and, second, tlie shadow of the steps upon If and V. 

\si. Shadow of wall on steps. The edges casting shadows 
are a — «'&', and an — a'. As a — a'b' ia perpendicular to the 
top of each step, its shadow upon these surfaces will lie in the 
direction of the projection of light, as ao, tlie part op being 
on the top of the Ist step, and pa on that of tlie 3d, 

As a — a'h' is parallel to the front face of each step, its 
shadow upon these faces will be parallel to the line itself ; 
therefore p'q', found by projecting up from p, will be its 
shadow upon the front of 2. The shadow of j1 is at £7 on 
the top of 2. 

The shadow of an — -a' upon the front faces of the steps will 
have the same direction as the projection of light; while the 
shadow upon the upper faces will be parallel to itself; cV 
and e'o' are the shadows upon the faces of 3 and 4; do and 
he, found by projecting down from c' and e', are the shadows 
on the tops of tlie same steps, 

JieTnark. In finding the shadow of A, there can be no 
question as to which surface it falls upon, if we remember 
that both projections of the shadow must lie in the projec- 
tions of the same surface. 

Id. Shadow of steps on H ami V. As this problem pre- 
sents no new principles, let the student, having first deter- 
mined what edges cast shadows, verify the shadow given 
The shadow on II is not complete in the figure, 

Proh. S. {n. XXI. Fig. 10,) Shadow of framing. (Fig. 
S, PI. XXIV., shows an iaometrical projection of the same 
framing.) It is required to find the shadow of the brace 
upon the horizontal timbers and also npon S. 

The edges of the brace which ca.st shadows are cd — c'd' and 
ae — a'e'. Assume any point as Hf on cd — o'd' and find its 
shadow, .5;, on the upper face of the horizontal timbers ; ia 
this case i is on the plane of the top produced; d& is the 
ghadow of cd — c'd' upon t!ie top of tlie timbers; a parallel 
line thrangh e is the shadow of the other edge. 

To obtain the shadow on H, produce the ray throngh the 
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point M until it pierces H in i; draw a line throngh i panil 
lei to dk and it will be the shadow of cd — e'd' npon H. A 
line through q parallel to it would be the shadow of ae — a't( 
upon H ; it does not show in tliis case. Tliere is anothei 
shadow shown in the fignre, the constrnction of which wiL 
be evident. 

Constrnct the shadow of the whole framing upon H and V. 

Prob. 9. (PI. XXI. Fig. 8.) Shadow of timber resting 
npon the top of a waU, It is required to find the shadow of 
the timber upon the wall, and also the shadow of botli upon Y. 

The edges of the timber which cast shadows, whether apon 
the wall or upon V, are tie — a'e', ab — a'c\ b~~b'o', ha — b'o', 
oe — o'h', and e — A'e'. The shadow of ae — a'e' upon the wall 
commences at n' and v'n' is its shadow ; v'g' is tlie shadow of 
ab — a'o' ; g'x', of b — b'c' ; the line through x' pai-allel to v'n', 
is the shadow of bo — b'o' upon this face. The line bo — b'o' 
also casts a shadow on the top of the wall which will be 
parallel to itself through the point L 

The construction of the shadow on T, is evident from the 
figure. 

Prob. 10, (PI. XXIL Fig. 2.) Shadow ofinddned timber 
upon triangular jprism. The relative positior of the pieces is 
given in the figure, the timber makes an angle o£ 60° vrith H^ 
and is parallel to V. 

Commencing withotZ — a'd' which casts the shadow (i» upon 
11, we find that this raeeta the prism at v, which will there- 
fore be one point of the shadow upon the nearest inclined 
face of the prism. To obtain another point, find the shadow 
of ad — a'd' upou an auxiliary horizontal plane through pq — 
V'l'} P'i' '^ '^^ vertical trace ; e is the shadow of A upou this 
plane, and the line eo, parallel to ds, is the shadow of ad — a'd' 
upon the same plane ; thia meets pq in tlie point o, which is 
therefore another point of the shadow of ad — n'd' upon the 
face of the prism ; join o with v, and we have :he required 
shadow. 

The shadow of the diagonally opposite edge of—o'f can 
be found in the same way, or by drawing fn parallel to di 
and m parallel to vo. Part of the shadow of the timber falls 
on II beyond the prism ; ai — a' and bo — a'e' are the only 



ling edges of the timber which caat shadows. Tiiere 
t will be no difficulty in Ending these as well as the shadow 
I of the prism, 

Prob. 11. (PI. XXII. Fig. 4.) Tofijxd the angle lo/iich a 
I ray of light makes with either plane of jprojection. Let ab — 
" a'b' be the projections of a ray of light. Now if we consider 
the vertical projecting plane of the ray to be revolved into V, 
the ray would take the position a"b' ; the distance a'a" being 
equal to ca, the distance of the point A in front of V ; the 
angle a'b'a" is the angle which the ray AB makes with V, 
and is eqnal to 35° 16'. As both projections of the ray make 
the same angle with the ground line, the ray must make the 
same angle with H that it does with V. 

Prob. 12. (PI. XXII. Fig. 3.) Shadow on interior o/ 
hollow hemi-sphere. The shadow is cast by the semicircle tas, 
and it will be obtained by finding where rays through differ- 
ent points of this semicircle pierce the interior. Suppose 
the hemisphere projected upon a plane xt/, wliich is parallel 
to the direction of light and perpendicular to T. To find a 
point of the shadow, intersect tLe hemisphere by a vertical 
plane of rays, av ; this cuts the Beniicirele av — a'e'v' irom the 
hemisphere. Since the plane xy is pai-allel to the direction 
of light and perpendicular to V, rays of light will be pro- 
jected upon it making the same angle with xy that rays of 
light make with V ; that is, at an angle of 35° 16'. Draw a 
ray through a' at such an angle, and project e', its intersection 
with a'e'v', to e ; this will be one point of the shadow on 
the interior. 

Other points may be found in the same way ; the point o 
is found by using the plane bw. The shadow commences at 
the points t and s, where the projection of a ray would be 
tangent to the circle asvt. 

Rema/rk, The rays a'e, h'o', &c., are parallel to a"b' in 

Idne of shade. This is the line that separates the light 
from the dark part of the surface. It is the line also that 
casts the shadow. This line can eften be determined by mere 
inspeetion, as in the preceding problems, but in some casea 
•pecial methods must be resorted to in oi-der to determine it 
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TLe method of finding the Hue of ehade upon a vertical 
(^linder has been given in Prol. 4, the elementp e — e'o' and 
t — t'r' being the lines of shade. 

i'roh. 13. (PI. XXL, Fig. 7.) To find theline of shade 
upon a cone. If a plane of rays be passed tangent to a cone, 
the element along wliich it is tangent, will be the line o£ 
shade. As ex'ery plane tangent to a cone must contain the 
vei-tex, a tangent plane of rajs must contain the ray through 
the vertex, and the shadow of the vertex will be a point of 
its trace ; through c, the shadow of the vei'tex, draw the line 
ce tangent to the base of the cone ; this la the trace of the 
tangent plane, and ve—v'e' is the element of contact with 
the cone ; cd is the trace of another plane tangent on the 
other side of the cone ; dv — d'v' is its element of contact. 
The lines ce and cd are the shadows of ve — «'e', and do-—d'v', 
and the space included between them is the shadow of the 
cone. 

Proh. 14. (P!. SXII. Fig. 5.) To find the line of shade 
upon a sphere. Only the vertical projection of the sphere is 
used, and the vertical plane is supposed to pass through the 
centre of the sphere. The line of shade is the circle of con- 
tact of a tangent cylinder of rays. 

To find points of this curve, assume planes of rays, perpen- 
dicular to V, whose traces are dw, sv, &c. ; each of these 
planes will intersect the sphere in a circle, and the point at 
which a ray is tangent to this circle will be one point of the 
curve of shade. The plane sw intersects the sphere in a cir- 
cle projected in sv / revolve this circle about sv until it coin- 
cides with V; it will then have the position vo's. To get 
the point at whicli a ray will be tangent to this circle, it is 
necessary to find the position of a ray when revolved in a 
similar manner to the circle. According to Prob, 11, the re- 
volved position of a ray would make an angle of 35°16' with 
dw. Now, if a line be drawn at this angle and tangent to 
the circle vo's, it will give o' as the point of tangency ; when 
the circle is revolved back to its original position, o' is pn> 
jected at 0, and is one point of the curve of shade. 

Other points of the curve of shade can be determined in 
the same way. The curve commences at the uoiiits a and b. 
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where planet of rajB, parallel to dwj would be tangent to the 
sphere. 

To find the point of the sphere which appears the bright- 
est, revolve the circle dw into the position diw / /cis the re- 
volved position of a ray passing through the centre ; bisect 
the angle ybi at m'; when the circle is revolved back m' &llfl 
at m^ t>2e lightest point 
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CHAPTER IX. 



BHADINO. 



1. Having given previously the methods for laying flat 
and graduated tints, let us see how, by their use, we may 
bring out the true form of an object. The following rulei 
should be carefully studied and followed : 

I. tlat tints should he given to plane surfaces^ when in 
the lightj and parallel to the vertical plane ; those 
nearest the eye being lightest. 
IL Flat tints should he given topla/rve surfaces^ when in 
the shade^ and paraMel to the vertical plane ; those 
nearest the eye heing darkest, 

IIL Oraduated tints should he given to plans surfaces^ 
when in the light and inclined to the vertical plane ; 
increasing the shade as the surfaces recede from 
the eye / when two such surfaces incline unequaUy 
the one on which the light falls most directly should 
he lightest. 

rV. Oraduated tints should he given to plane surfaces^ 
when in the shadCj and inclined to the vertical 
plane / decreasing the shade as the surfaces recede 
from the eye. 

2. Applying these rules to the shading of an hexagonal 
prism (PL I**. Fig. 11), we find by L, that the front face 
should have a flat tint ; by III., that the left-hand face should 
have a graduated tint, darkest at the left-hand edge ; by IV., 
the right-hand face has also a graduated tint, darkest at the 
left-hand edge. 

A& the left-hand face receives the light more directly than 
the front face, the nearest part of it should be lighter than the 
front of the prism. The darkest part of the left-hand face 
should have about the same shade as the lightest part of the 
ri|(ht-hand face. 



8. The preceding mlea also appi; to the ehadiiig of cnrred 
Borfaces, aa the cylinder (PI, I**. Fig. 12). The element of 
ehade a' — h' separates the light from the dark part of the 

cjlinder. 

The surface a — n by IV. should be darkest at a and grow 
lighter as it approaclies n. 

The part a—p of the illuminated enrface, by Itl. should 
grow lighter as it approaches^ / the part m-~p by III. should 
be darkest at m and lightest at^/ but by the second part oi 
HI. that part of the surface which receives the light most 
directly should be Clie lightest, which wonld make c tlie 
brightest point ; if then we take a point, e, half way between c 
and p, it will give, approximately, the point which will appear 
the brightest 

The surface o — e is brighter tiian e — p as it receives the 
light more directly ; it is also lighter than a correeponding 
space to the left of c, as it is nearer the eye ; so that it is the 
lightest part of the cylinder. 

4. Upon Fig^. 13 and 14, PI. I**, aie shown in dotted 
lines the positions of the darkest an d lightest parts of the cone 
and sphere. The method of finding ttie lines of shade upon 
each has been given in the cliapter on shadows. As it is not 
necessary in practice to locate these lines exactly, the eye 
being a sufficient guide, it will be well to notice that the dark 
hne va of the cone is a little nearer the right-hand edge than 
the dark line of the cylinder ; while the lightest part, between 
vc and vb, has the same position as tliat of the cylinder, and 
ia determined in the same way. 

On the sphere, the point n of the line of shade snp, is a little 
nfirer a than the centre of the sphere ; the line of shade is 
symmetrical respecting the line 6a, the direction of light. 
The lightest point mis & little nearer the centre than it ia to 
h ; it is also on the line ha. 

In shading these solids, commence at the dark line and 
shade both ways, using lighter tints for the lighter sliades. 
The dark line of the sphere should be widest at n and taper 
both ways to p and « / on the cone it tapers from the base b 
the vertex. 
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CHAPTER X. 



IBOMKIBIGAI. DRAWnffe. 



If we take a cube dtuated as in Fig. 6, PL XXIL, and tip 
it np to the left about the point a^^ until it takes the positicHi 
ahown in Fig. 7, the diagonal a'K being horizontal, and then 
turn the cube horizontally, without changing its position with 
respect to n, until it takes the position sliown in Fig. 8, we 
shall have in the vertical projection of Fig. S, what is called 
an isomctrical projection. 

In the case of the cube it is the projection made upon a 
plane perpendicular to a diagonal of the cube. 

The relative position of the eye^ the cube, and the vertical 
plane is shown in Fig. 7, where 7, upon a'K produced, repre- 
sents the eye (at an infinite distance) ; ocy is the position of 
the vertical plane ; the cube is placed, as shown by the pro- 
jections, so that the diagonal dk — a'K is parallel to H and 
perpendicular to xy or V. 

Looking at this isometrical projection of the cube we see 
that the three visible &ces of the cube appear equal, and that 
all the sides of these faces are equal ; this shows that these 
faces are similarly situated respecting Y, and that their sides, 
or the edges of the cube^ are equally inclined to V. It will 
also be noticed that the isometrical projection of the cube 
can be inscribed in a circle, as the outer edges form a r^ular 
hexagon. 

The three angles formed by the edges meeting at the cen- 
tre are equal, each being 120°. 

The point a' is called the isometric centre; the three liiifli 
|iassing through the centre being called isametrio €txes. 

Any line parallel to one of these axes is called an isametru' 
UnSj while any line not parallel is called a Jion-isometrie line. 
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The plane of any two of the axes, or any parallel plane, is 
called an isometric plane. 

The two axes a'V and a'd' (Fig. 8, PI. XXII.) and all par- 
allel lines make angles of 30° with a horizontal line. 

It has been seen that the isometrical projection of a cube 
can be inscribed in a circle ; this renders it easy to construct 
an isometrical drawing of a cube, by inscribing a regular 
hexagon in a circle, whose radius is equal to an edge of the 
cube, and then drawing radii to the alternate angles. While 
this would give an isometrical projectioQ of a cube, it would 
not be the true projection of the cube whose edge was taken 
as a radius, because the edges of the cube are inclined to the 
plane of projection, consequently their projections r>annot be 
equal to the edges themselves, but would be less. 

Let us see how the true isometrical projection of a cube 
may be obtained without making it necessary to construct the 
differient projections shown in Figs. 6, 7, 8, PI. XXII. 

The only lines of the cube that are projected in their true 
size are the diagonals d^h\ d'e\ h'e' (Fig. 8, PI. XXII.), of the 
three visible faces. It is evident that the diagonal db — d'h' 
(Fig. 8) is parallel to V ; by looking at Fig. 7, where the rela- 
tive position of the eye, the plane of projection, and the cube 
is shown, it will also be evident that Ve' (corresponding to 
JV, Fig. 8) is parallel to the plane xy (Y). 

If now we draw a line ah (Fig. 9, PI. XXII.), making an 
angle of 45° with dh at the point J, and note ite intersection 
a with the vertical through c, ab will be the side of a square 
whose diagonal is db. and would therefore be the true length 
of the edge of a cube, the diagonal of any face of which is 
equal to dJb; but cb is the isometrical projection of this edge, 
so that we have the means of comparing the two and forming 
a scale. 

Divide ab into any number of equal parts and project the 
points of division upon cb^ by lines parallel to ao^ and it will 
give the isometrical projection of these distances. To con- 
struct then an isometric scale di*aw a horizontal line be (Fig. 
10, PL XXII.) ; draw ba at an angle of 15° with it ; divide 
ba into any number of equal parts and project the points of 
division upon be by lines making an angle of 45° with ha 
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[these projecting lines make an angle of 60'' with he], Ths 
distances on be will be the isometric length of the correspond- 
ing distances on ba. 

This scale is only good for isometric lines. 

The diagonals dbj dm,^ bm (Fig. 9) are projected in then 
true lengths ; this would also be true of all lines parallel to 
them. 

As ch is the projection of a line equal to db^ a scale may be 
constructed by projecting any distances, 1, 2, 3, etc., from dh 
to ch; this scale will be good for all lines parallel to cA, Ao, 
or hn. 

Although it is well to undei-stand the construction of these 
Bcales, they are seldom used in practice, as it is more conve- 
nient to use a common scale, if necessary, making the isome- 
tric lines equal to their true length. This method, as already 
shown, would make the drawing larger than the true projec 
tion of the object, but there is no objection to this. When 
made in this way it is called an isometrical drawing^ to dis- 
tinguish from the isometrical projection. 

The advantage of isometrical drawing is that it offers a 
simple means of showing in one drawing several faces of an 
object, thus obviating the necessity of a plan and one or more 
elevations. It is particularly adapted to the representatior 
of small (objects, in which the principal lines are at right 
angles to each other. 

Direction of Li>ght. In isometrical projection the light is 
supposed to have the same direction as the line be (Fig. 16, 
PL XXIII.), the diagonal of the cube, that is, it makes an 
angle of 30° with a horizontal line. 

Lines of sliade. According to a previous definition these 
are the lines which separate the light from the dark part. In 
the isometrical projection of the cube (Fig. 16, PI. XXIII.) 
the two right-hand faces (front and back) and the bottom are 
in the dark, while tlie two left-hand faces (fro«t and back) and 
the top are in the light ; consequently the heavy lines shown 
in the figure are the visible lines of shade. 

Prob. 1. (Fig. 1, PI. XXIII.) To construct the zsometri- 
eal d/rawing of a cvhe^ with a block upon one face a/nd a 
recess in ant ther. Let the edges of the cube be 4'' ; the block 
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2'' square and H'' thick; the recess 2" square and 1" deep; 
both the block and the recess to be in the centre of the face. 
The drawing of the cube might be made, as previously de- 
scribed, by using a circle with a radius of 4", but a more 
convenient way is to draw the isometric axes, ca, cb, and cd, 
making each equal to 4", then isometric lines through the 
extremities will complete the cube. 

After completing the cube, divide the axes into four equal 
parts. To locate the block, draw isometric lines through 1 
and 3, upon cb and cd, their intersections will give the base of 
the block; through the points of intersection draw isometric 
lines parallel to ca, make them 1^" in length, and connect 
their extremities. The recess is similarly located, the depth 
of 1" can be obtained by projecting from 2 on either ca or cb. 

Make the isometrical drawing of a cube with a square hole 
in each face, running through the cube. 

Prob. 2. (Fig. 2, PL XXIII.) To construct the isometri- 
cal drawing of three pieces of timber bolted together. Draw 
the axes ca, cb, cd; make cb equal to 6"; ce 3"; eo 2"; on 
4"; do equals ec; the vertical timber is 5"X8"; the side 
timbers are each let into the vertical timber the same distance. 

The method of constructing the nut and washer is given in 
Prob, 9. 

Make a drawing with the front side timber removed. 

Prob. 3. (Fig. 3, PI. XXIII.) To construct the isomet- 
rical drawing of a portion of framing. The necessary 
dimensions of the parts are given in Fig. 10, PI. XXI. The 
edges of the brace being non-isometric lines, it is necessary to 
locate the extremities, which are in . isometric planes, and 
then join; cd and ca are'each equal to 28"; the other edges 
are parallel to ad; de is equal to d'e^ (Fig. 10, PI. XXI.). 

Prob. 4. (Figs. 4, 5, PI. XXIII.) To make the isometric 
col drawing of a circle. In Fig. 4 is shown a circle with an 
inscribed and circumscribed square. If we make an isome- 
trical drawing of these squares in their relative positions, we 
shall have at once eight points through which the isometric 
circle must pass; these are the points common to the circle 
and squares; this is shown in Fig. />, the two figures being 
lettered the same. To locate any pj^iit, as v (Fig. 4), draw 
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First construct a cube and then inscribe a circle in the top 
tsLce ; this is the lower base of the cylinder ; to obtain the 
upper base, construct a second cube resting upon the first, and 
of the same size ; this is shown in the figure by dotted lines. 
Inscribe a circle in the top of this second cube and it will be 
the upper base of the cylinder ; ab and cd tangent to each of 
these curves are the extreme elements of the cylinder. The 
sphere rests upon the centre of the upper base ; erect a per- 
pendicular at e, and make it equal to half the edge of the 
cube ; from A as a centre, with a radius equal to de, describe 
the sphere. 

Froh. 8. (Figs. 9, 10, 11, PL XXTTL) Isometrical draio- 
mg of brackets supporting a shelf, No. 1 of the brackets has 
all of its edges right lines, while No. 2 is made up partly of arcs 
of circles, whose centres are at A and m (Fig. 11). Figs. 10 
and 11 give side elevations of the two brackets, with dimen- 
sions. 

The shelf is 28'' wide and 6" thick ; make the projection 
BO as to show the under side. 

There will be no difficulty in making the drawing of No. 1. 

To construct No. 2, after drawing bCj ca, ae, ed, d^, ew^ 
locate A, this is the centre of the isometric squares which 
contain the curves en and ou / therefore, draw the isometric 
line hs and make it equal to Jw or he / s is the centre of the 
curve en / st is equal to the thickness of the bracket, and t is 
the centre of the curve through w. Make ht equal to hv and 
t is the centre of the curve ou ; pis the centre of the curve 
huj and tz the centre of gu and also of the curve through a?. 

Prob. 9. (Fig. 12, PL XXIII.) The isometrical drawvng 
of a nut and washer. The washer is 3^'' in diameter and i" 
thick; the nut 2" square and V thick; the bolt 1" in 
diameter. 

To construct the washer, make two isometric squares, aJ, 
erf, i" apart and 3^'' on a side ; inscribe in each of these a 
circle and connect by isometric lines at e and A, tangent to 
sach circle. 

Find the centre of the washer and construct the square for 
tie base of the nut. 

After completing the nut, consti uct in the centre of its 
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face an i«oinetric sqnare 1^' on a side ; inscribe in this a elrde^ 
wliich will represent the enrve of intersecticMi of the bolt with 
the nut. In the figure the bolt is supposed to project I'' from 
the nut ; the rest of the construction will be appan^at from 
tlio figure. 

In Fig. 12, the nut is placed so that its edges are .sometric 
linos; to make a drawing when the nut is turned so that its 
odges would not bo isometric lines, make a plan or the not 
and washer as in Fig. 13, PL XXllI., and draw through the 
cornel's of the nut a square, ahcd^ with its sides j>arallel tc 
the aides of the square which circumscribes the washer. Af- 
ter constructing the washer as before, make in the centre oi 
tliO wiMnhor an isometrical drawing of the square, aJxxL^ and 
locate on it the points ehon ; the method of completing will 
bo tlio same as before. 

Make a drawing when the nut is oblique. 

Pi\^. 10. (Figs. 14 and 15, PI. XXIII.) The isomttricd 
i/n$^in<f of It'ttifrs, In these letters the position of the iso- 
nu>trlo axes is dianged, one being placed in a horizontal 
(HVMtiiMU Tlie ci>ustruction of these letters is apparent from 
the tigures ; in the letter -S, the curves not being isometric 
euvle«s will hav^ to be sketched in or drawn with an irregular 
curve* 

Try Uher letters of the alphabet, as rf, to, a?, o. 

4S4ai/tAMMu Jh ifi^'m^fricni/ drawing tAs shadow of apoiivt 
i>H \MHjfj4i»m imrjUcif iif iMi tAe intersection of the ray through 
tAffjH^inty a W^iW jwxyWK>« of the my on the surface. 

We hav^ $e^u that iu isouietrtcal projection rajs of light 
make au au^e of $0^ with a bartaontal line. 

l\muu^ tv> bV ^^ P^ XXIIU let fc, the diagonal of the 
in*U\ r%>jiwj^ut a r^v v>i: tiv»^t ; ^ b the projection of this 
rt^v v>tt th*> tv>p of tb* cuIh?v actd &w the projection on the face 
K^AfJW. Tht» w^ t^iee tb^ tbe poeitioii of the projection of a 
ray of li^i ujvtt a b!k>rtai.>ttt5fcl platf»„ as huby is horizontal, 
whUt? tW j>rv>j^-(jiv>n vi a ray of %6tt apcHi a Tertical plane, 
•J l^o/firik. ui^w jwrt jjkiiiclc of ^(y^ \«itfL ak Bttortzontal line. 
^ ^tr»fK.^ llxt? «^i^ ^jo j>iviiuceJt to a and rt is required to 
i»a tFx,^ A^i^oNv of i4 :■ vJtoiHr t:iu? t^a^^ 3C** ; through i, 
tiitj projiKtiouL of (4 itE>ott tit? |-»Ii«t» q£ &^ t3oj^ dnw the hrri- 
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eoQtal line hg ; this is the projection of the ray, ai d the 
intersection of this with ag is the shadow of a upon the top 
of the cube. 

Produce the edge hn to c ; the shadow of c is at A, the in- 
tersection of the ray ch with 5A, its projection npon the vertical 
face. 

Prob, 11. (Fig. 16, PL XXIII.) The isometrioal drawing 
of a cube with its shadow on the horizontal plane. The 
shadow of « is at ^/ tm is the shadow of sm ; w is the shadow 
of d^ and tw the shadow of sd ; vw is the shadow of ndy and 
vs the shadow of tw, the back edge. 

Proh. 12. (Fig. 2, PI. XXIV.) T/ie isometrical drawing 
of an hexagonal prism with the shadow. The prism is rep- 
resented standing on H at a distance xy from V. The edges 
which cast shadows are ia, ah^ hOy cdy de. Since ia is perpen- 
dicular to H, its shadow upon that plane will have the same 
direction as the projection of light upon II ; the shadow of ia 
falls partly on V, as at ok^ which is parallel to ia ; Tc^ the 
shadow of a, is at the interaeation of the ray through a, 
and the vertical through o. In the same way l^ m, ti, the 
shadows of J, c, <?, are found. 

In finding the shadow of the prism upon V. the vertical 
projection of the rays of light have not been used, as they 
were not necessary. 

Prob. 13. (Fig. 3, PI. XXIY.) The isometrical drawing 
of a heam^ projecting from a vertical waliy with the shadow. 

The construction of the drawing is evident from the figure. 
The edges which cast shadows are ca^ ab^ hd^ dn. Only the 
projections of tlie rays are used to find the shadow. To find 
tlie shadow of a, draw through <?, the vertical projection of a^ 
the line ce at an angle of 60° ; through A, the horizontal pro- 
jection of a^ draw the horizontal line hi ; these two lines ce 
and hi are the projections of the ray through a, and they 
determine e^ the shadow of a. The accuracy of this construc- 
tion can be tested by di*awing a ray through a. In the same 
way the points i and h are found. 

Proh, 14. (Fig. 5, PL XXIV.) The isometrical drawiig 
vf a four-a/rmed cross^ with the shadows. It is required tc 
find the shadow of the cross on H, and also upon itself ; a — 1 
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is the shadow of ae ; 1 — 2 the shadow of gf; 2 — 3 ot fh ; 
3—4 of li; 4—5 of Im ; 5—6 of Ic ; 6—7 of an; 7—8 cf 
oj- / the rest of the shadow is cast by edges upon the back, 
»\rhich are not seen. 

The shadows upon the cross are si the shadow of sh / sm 
of hs / he of hg y hg of hn. 

Keeping the same thickness of the cross make the arms 
longer, and then find the shadows. 

Prob, 15. (Fig. 1, PI. XXIV.) The isometrical drawing 
of a vertical cylinder passing through an hexagonal hlocky 
with the shadows, A plan of the cylinder and block is shown 
in Fig. 4 ; the diameter of the cylinder is -j^" ; any edge of 
the block, as hc^ is -^'^ in length; the block is -^^'^ thick. 
First make an isometrical drawing of this plan ; this is shown 
in Fig. 1, with the points numbered and lettered the same. 
At any assumed distance above the plan construct a similar 
figure ; this gives the top of the block, which can readily be 
completed. The method of completing the cylinder will be 
evident from what has preceded. 

Shadows. Find first the shadow which the block casts 
upon the cylinder. Assume any vertical plane of rays as the 
one whose horizontal trace is vx ; this cuts the point v' 
from the lower edge of the block, and the element xx' from 
the cylinder; the ray through v' intersects the element at x' 
one point of the required shadow. In the same way other 
points can be found ; ky is the element of shade found by 
passing the plane of rays wy tangent to the cylinder. At z 
the shadow passes to the back part of the cylinder. 

The method of finding the shadow which the cylinder casts 
upon the block will be evident from the figure, with what has 
just been shown. 

Show how the shadows given on Fig 3, PI. XXIIL, are 
found. 

Determine whether the brace would cast a shadow on the 
top of the horizontal timber or not. 

Find the shadow of the framing upon BL 
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CHAPTER XL 



OBLIQUE PROJECTION. 



This method of projection is similar to isometrical projec- 
tion in showing three faces of the object, but unlike isometri- 
cal it gives the exact form of one of these. It is called 
oblique^ because the projecting lines are oblique to V instead 
of being perpendicular, as they have been previously. 

It is sometimes called Parallel Perspective ; it does not how- 
ever give a true perspective of the object, but offers a substi- 
tute, simple in construction, and one as well adapted for rep- 
resenting small objects. 

An oblique projection of a cube is given in Fig.- 11, PI. 
XXiy. ; the face abed has its true form, while the other two 
faces are shown equally, but not in their true shape. The 
edges ce^ hh^ ai, make an angle of 45° with a horizontal line, 
and are equal to the other edges of the cube. 

Since the face abed is projected in its true form, it must 
be parallel to V ; if then we suppose the cube placed with 
one face parallel to Y, it is evident that this projection (Fig 
11) could not be obtained, when the projecting lines are per- 
pendicular to V ; the square, abed, would be the projection in 
that case. In order then to obtain this projection, tlie pro- 
jecting lines cannot be perpendicular to V, but must be 
oblique. 

Now when a line is perpendicular to a plane, in order that 
the projection of the line, upon that plane, should be equal to 
the line itself, the projecting lines must make an angle of 45° 
with the plane. In the case of a line parallel to a plane, its 
projection would be equal to the line, whatever the direction 
of the projecting lines, provided they were parallel. 

Thus we see that if the projecting lines make an angle of 
45° with F, we shall obtain, in the case of the cube, the pro- 
jection show^n in Fig. 11. 
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Since an infinite number of pix>jecting lines could be passed 
through a point, all making the required angle of 45°, it. fol- 
lows that the projection of a line might have an infinite 
immbcr of positions. Tlius the edges ce, bh, etc. (Fig. 11), 
could be drawn at any angle, and still give an oblique projec- 
tion of the cube. Fig. 8, PI. XXIV., gives an oblique pro- 
jection of the cube, with the edges c^, JA, etc, drawn at an 
angle of 30° ; other angles might be used, but these two (45^ 
and 30°) are most convenient, as they are found on the tria - 
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Only those lines that are parallel or perpendicular to V are 
projected in their true size. 

Prob. 1. (Fig. 12, PI. XXIY.) To make the oblique pro- 
jection of a circle. Let ahcd be the circumscribed, and hken 
the inscribed squares of the circle mpoq. Construct a'b'c'd\ 
and h'k'e'n\ the obliqne projection of these squares, and we 
shall have eight points (m'n'p'e'o'k'qh!) of the obliqne pro- 
jection of the circle. The method of finding other points will 
readily suggest itself, but the points already found will be 
sufficient to enable us to trace the curve quite accurately. 
The curve thus found would be an ellipse ; for an approxi- 
mate construction of it by arcs of circles, draw the lines ra's 
and q^B perpendicular to the sides of the square, their inter 
section, «, will give a centre for the curve q'h'Tn' ; in the same 
way the curve y'e'o' can be drawn as an arc ; for the ends use 
w and i^? as centros. 

This figure (12) represents the projection of the circle when 
horizontal, as upon the top of the cube. When the circle is 
parallel to F, or upon the front face of the cube, its projec- 
tion would be an equal circle ; this is shown in Fig. 9, PL 
XXIV., which is the oblique projection of three-fourths of a 
hollow cylinder, whose axis is perpendicular to F, the ends 
being projected as circles. 

Fig. 6, PI. XXIV., gives an example of the oblique projec- 
tion of the circle when perpendicular to both II and F, as 
upon the right-hand face of the cube. 

Construct an oblique projection of a cube with a circle upon 
each of the three visible faces. 

Direction of light. The light is assumed, as in isometrieal 
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projection, to have the same direction a^ the diagonal of the 
cube. The arrow in Fig. 11, PL XXIV., indicates the direc- 
tion of light, corresponding to the direction of the diagonal ae; 
ah is the projection of this ray {ae) upon the top of the cube, 
and ac the projection upon the front face. The method of 
finding shadows is similar to that in isometrical pi'ojection. 
The shadow of the cube upon H is shown in Fig. 11 ; if the 
shadow of the cube (Fig. 8, PI. XXIV.) was to be found, the 
direction of light would correspond witJi the direction of its 
diagonal ae. 

Only a few examples of this method of projection are given, 
suflScient, however, to show its appl ication. Fig. 7, PI. XXIV., 
represents an irregular block ; it is 4" long and 1" square on 
the ends, the short lines are i'' in length. Fig. 10, PL 
XXIV., is the oblique projection of a mortise and tenon ; the 
under side of the tenon is shown ; notice the position of the 
shade lines on the upper piece. 
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CHAPTER XIL 



UNSAB PEBSPECnVB. 



Linear perspective is the representation of the fcrm of an 
object upon any plane surface, just as it appears to the eye 
when viewing it from any given point. To use a common il- 
histration : if we should close one eye, and, keeping the other 
at a fixed distance from the window, should trace upon the 
glass the outlines of what could be seen through it, we should 
have a true pei-spective of the objects seen. 

Supposing then, the pei*spective plane to be transparent, 
and always placed between tlie eye and the object, we see that 
the perspective of a point is where a visual ray (a line 
drawn from the point to the eye) pierces ilie 2}crspcclie plrnie. 
To illustrate, let A (Fig. 1, PI. XXV.) be a point in sj^acc, 
behind the vertical plane wliich is used as the ])crspectivc 
plane ; C is the position of the eye, or point of sight ; the 
the visual ray CA pierces V at a\ wliich is the ])crspcctive 
of J.. 

It is impossible in practice to draw the visual ray itself, as 
in Fig. 1 ; the point of sight and tlic pohit in space are given 
by their projections only, so that it is necessary to use the 
projections of the visual ray to find the perspective. To do 
this, join the horizontal projection of the point of sight with 
the horizontal projection of the point, join also the vertical 
projections; the two lines thus drawn are the projections of 
the visual ray, and the point in which it pierces Y is the re- 
quired perspective. In Figs. 1 and 2, PI. XXV., the visual 
ray ca — c'a' pierces V at a" , Fig. 2 has the same letters and 
measurements as Fig. 1, and represents the same thing, with 
the customary position of the planes of projection. 

It will be noticed in Fig. 2, that both projections of the 
point A are above the ground line ; as this has not happened 
before, a word or two in explanation. Looking at Fig. 1 we 
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see ihat the two intersecting planes of piojectiou foi ji four 
dihedral angles ; the one above 11 and in front of V, ia 
called the 1st ; the 2d is behind V and above II ; the 3d is 
below the 2d, and the 4th below the 1st. The point of sigbl 
is in the first angle. Now, all the objects that we have pre 
viously considered have been placed in the first angle, and, as 
we have seen, the horizontal projections are always below the 
ground line, and the vertical above; but if an object is 
placed in the second angle (as it is in perspective) when the 
vertical plane is revolved back, both projections will appear 
above the ground line, as in Fig. 1, where a' revolves to a' 
The same rules that we have had for determining the posi 
tion of a point in space from its projections, hold good when 
both projections are above the ground line ; the distance ah 
(Figs. 1 and 2) is the distance of A from V, and the distance 
a'h is the distance of A from H. 

Prob. 1. (Figs. 3, 4, 5, PL XXV.) I'o find the perspec- 
tive of right lines in different positions by means of visual 
rays. 

1st, loJieii perpendicular to H : let a — a'b' (Fig. 3) be a 
line perpendicular to H, and at the distance ab' behind V ; 
cc' is the ix)int of sight. Draw the ray ac — a'c' ; this pierces 
V at ^, the perspective of the point aa' ; fis the yerspective 
of the point ab^; fe is the perspective of the line a — a'b'; 
in the same way is found hg, the perspective of the line 
d — a^b'j which is parallel to a — a'b\ 

2d, when parallel to U and V: let ab — a^b' (Fig. 4) be 
the given line, situated in H and at the distance bb' behind 
V; the pei*8pective of the point aa^ is at e ; fis the perspec- 
tive of the point 5J', whence (^ is the perspective of ab — a'S'/ 
hg is the perspective of the line dm — a'5', which is parallel 
to ab — a'b\ 

Sd, when perpendicular to V: ab — ¥ (Fig. 5) is the given 
line, situated in H, and at the distance b¥ from V ; ^ is its 
perspective ; in — n' is a line parallel to ab — 5'/ /ib is its per- 
jjpective. 

Prob. 2. (Fig. 7, PI. XXY.) To find the perspective of 
a cube when placed with a face parallel to V. Let dbid^ and 
a'd'fef be the projections of the cube, and cc' the point of 
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sight. Find first the perspective of the point df ^ by drawing 
the ray cd — c'j' ; this gives o as the perspective; the ray 
ca — d^ gives r, the perspective of the point a^ ; i is the per- 
spective of aa\ and s of dd' ; in the same way are found 
the points p, ^, r, z. 

Prob. 3. (Fig. 6, PI. XXV.) To find the perspecHve of 
a cube when placed with its faces oblique to V, Let abid, 
and a'i'h'd be the projections of the cube; « is the perspec- 
tive of the point dd' ; o of the point df; r of ae'; t of aa\ 
etc. 

By an examination of Figs. 3, 4, 6, 7, PL XXV., it will be 
seen that the perspective of any right line is parallel to thai 
line when the line is parallel to the perspective plane. 

It will also be noticed that the edges op, sq, tv, &c., (Figs. 
6 and 7), when produced, meet at a point; this is called the 
vanishing point of these lines, and since the lines op, sq, tv, 
etc., are the perspectives of parallel lines, we have the prin- 
ciple that the perspectives of all parallel lines have a com- 
mon vanishing point. 

To find then the vanishing point of any line, draw a line 
through the point of sight parallel to the given line, and 
where it pierces the perspective plane will be the vanishing 
point of this line, and all parallel lines. In Fig. 6, cw — c'w^ 
is parallel to di — d'l'; it pierces Y aX w\ which is the vanish- 
ing point of di — d'i% and the edges parallel to it. The van- 
ishing point of ro, ts, vq, etc., could be found in the same way. 

The vanishing point of parallel lines, parallel to the per- 
spective plane, is situated at an infin i te distance; hence the 
perspectives will be parallel. 

In Figs. 5 and 7, PI. XXV., the lines which are perpen- 
dicular to V vanish at c'; whence the principle that all lines 
vervendicular to the perspective plane vanish in the vertical 
jyrojection of the point of sight; this is called the centre of 

the picture. 

The horizontal line through the centre of the picture is 

called the horizon. 

The vanishing points of all horizontal lines are situated 

somewhere on the horizon. 
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The point in which a line pierces a plane is called its 
trace; the trace of a line c:i the perspective plane is one 
point of its perspective ; the vani8hiu<^ point of the line is 
another point of its perspective ; whence, the perfective of a 
right line joins its vanishing point with its trace. 

It is customary to use the vertical plane as the perspective 
plane, the object being placed in the second angle ; this brings 
the two projections of the object and the perspective to- 
gether, as in Fig. 6, PL XXV., which is objectionable. Dif- 
ferent methods may be used to prevent this, but the most 
convenient is by supposing the horizontal plane revolved 
180°, so as to bring the plan of the object in front of V, 
and then instead of using visual rays, to make use of aux- 
iliary lines called perpendiculars and diagonals^ by which 
method the vertical projection of the object is not necessary. 

It is evident that if two lines intersect at a point in space^ 
their perspectives will intersect in the perspective of the 
point ; so that if we pass any two lines through a point and 
find their perspectives, their intei^section will be the perspcii- 
tive of the point. 

The two lines most convenient to use are a perpendicular 
and a diagonal. 

K perpendicular is a line perpendicular to the perspective 
plane, and vanishes, as we have seen, in the centre of the picture. 

A diagonal is a horizontal line, making an angle of 45** 
with the perspective plane. 

A diagonal being a horizontal line its vanishing point is 

on the horizon, and since it makes an angle of 45° with V, 

the distatice of the vanishing point from the centre of tlie 

picture is equal to the distance of the point of sight inf'ont 

of V. This is shown in Fig 2, PI. XXYI., cc' being the point 

of sight, and c'd the horizon ; to find the vanishing point of 

diagonals draw through cc' the line ch — c'd^ parallel to II, 

and making an angle of 45° with V ; it pierces Y at d^ the 

vanishing point of all diagonals parallel to ch — c'd. It is 

evident that c'd=^wh=^cw. As diagonals may be drawn 

either to the right or left, there are two vanishing points of 

diagonals, as at e;? and rf, (Fig. 2). 

Proh, 4. (Fig. 8, PI. XXY.) To construct the perspective 
11 
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of a regtUar hexagon^ by means of diagonals a/nd perpen- 
diculars. The hexagon is situated in II, at the distance nn' 
beliiiid Y. The horizontal plane has been revolved 180°, so 
thjit the plan of the hexagon comes in front of Y, while thn 
lioj'izontal projection of the point of sight at the same time 
revolves to c, behind Y ; c' is the centre of the picture, c? and 
r/i the vanishing points of diagonals, found by making c'd and 
cdy^ equal to aw. 

To find the perspective of the point ^, draw through it tho 
perpendicular ee\ e'd is its perspective ; also draw through t 
the diagonal ez^ zd^ is its perspective ; the point o in which 
these intei*sect is the perspective of e ; g' and r are the traces 
of the perpendicular and diagonal through ^/ g'o^ and rd^ are 
their perspectives, and I is the perspective oi g ; p is the per- 
spective of y*; s oil) ; hoi a ; and m of n. 

Remark, In Fig. 8 diagonals are drawn in both directions, 
and it is seen that either diagonal with the perpendicular 
gives the perspective, or that two diagonals without the per- 
pendicular are sufficient. 

Those diagonals which in plan are drawn to the right, van- 
ish to the left of the centre of the picture, while those drawn 
to the left in plan, vanish to the right of the centre ; this comes 
from having revolved the plan 180°. 

Proh. 5. (Fig. 9, PI. XXY.) To construct the perspective 
of a paveinent made up of squares. Let abef represent the 
plan of the pavement, the squares being set with their sides 
diagonally to Y ; c' is the centre of the picture, d and di tlie 
vanishing points of diagonals. 

As the sides of the squares are diagonal lines, their perspec- 
tives will join their traces and the vanishing points of diago- 
nals ; produce mn to o^ odi is the perspective of 9no ; ad is 
the perspective of ae ; the perspectives of the other edges are 
similarly found, and their intersections will give the perspec- 
tives of the squares ; af and he^ being perpendiculara, vanish 
at c'. 

Proh. 6. (Fig. 1, PI. XX VI.) To find the perspective of a 
cube. Let oJiA, a'hf'e' be the projections of the cube, which 
is placed with its face parallel to Y, and at the distance €ul 
behind Y. 
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The lines ^V andy'c' are the indefinite perspectives of the 
lower edges of the cube, which are horizontally projected in 
ah and hi ; draw the diagonals gd^^ nd^^ mdiy and we shall ob- 
tain the points r, o, pj s; at these points erect perpendiculais 
and limit them by the lines aV and A V. 

Hemark. In this figure the vertical projection of the cube 
is given, but it evidently is not necessary in order to construct 
the perspective ; it is sufficient to know the height of the cube, 
since perpendiculars and diagonals passed through points in 
the upper base of the cube would pierce V somewhere in the 
vertical trace of the plane of the top, as they are horizontal 
lines, and are in that plane. 

Prob. 7. (Fig. 8, PI. XX YI.) Tofindthepen^pective of 
a vertical hexagonal prism. The prism is placed with one 
face in V; the line n'g' is the vertical trace of the plane of 
the top of the prism. First, construct the perspective of the 
lower base according to Proh, 4 ; tlien construct the perspec- 
tive of the upper base, remembering that the traces of the 
perpendiculars and diagonals passed through points in tlie 
upper base, will be in the line n'g'. Connect the two bases 
by vertical lines to complete the prism. 

Proh, 8. (Fig. 6, Fl. XXVI.) To find the perspective of 
a sqicare pillar resting upon a pedestal. Let ahhe^ a'e'ea be 
the projections of the pedestal, placed with its face in V ; 
kipl is the horizontal projection of the pillar ; h'V is the ver- 
tical trace of the plane of the top of the pillar. 

First, construct the perspective of the pedestal in the same 
way that the perspective of the cube was found in Proh. 6. 
The face aa^e'e is its own perspective, as it is in Y. 

To find the pei*spective of the pillar, construct first the per- 
spective of the lower base ; draw a perpendicular and diago- 
nal through the point ln\ n' and e' are the traces of these 
lines, and nV and e^d^ their perspectives ; their intersection i^j 
the perspective of the point In' ; g' is the trace of the diago- 
nal through j9, and g'd^ its perspective; the point o in which 
this intersects n'c' is the perspective of the \^omtpn' ; in the 
same way the remaining points of the base can be found. 

The perspective of the upper base of the pillar might be 
found in the same way, or by erecting perpendiculars at the 
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four pointB already found, and limiting them by the lines Vi 
and Vc . 

Prob. 9. (Fig. 3, PI. XXVI.) To find the perspecAw of 
a sqtuj/re pyramid. Let abde be the plan of the pyramid ; 
Ai/ is the height of the vertex above the base. Find first the 
perspective of the base ; d is its own perspective, as it is in 
V ; m is the perspective of a y em the perspective otea;ep 
the perspective of edj etc 

To obtain the perspective of the vertex, find o, the perspec- 
tive of its horizontal projection ; at o erect a perpendicular 
until it meets v'cf, this gives n, the perspective of the vertex ; 
joining n with the corners of the base completes the per- 
spective. 

Prob. 10. (Fig. 5, PI. XXVI.) To find the perspective 
of a square pyramid resting upon a pedestal. Let abeh be 
the plan of the pedestal ; r'w' is the vertical trace of the npper 
base ; the edge aa^ is in V and is part of the perspective ; z 
is the perspective of the point W ; a of hh\ etc. 

After completing the perspective of the pedestal, find the 
perspective of the base of the pyramid ; n'c' and p'd ai*e the 
perspectives of a perpendicular and diagonal through n, and 
o is the perspective of n / in the same way the other corners 
of the base can be found. 

To find the perspective of the vertex, draw through v a 
perpendicular and diagonal ; their traces are v' and p' and 
their perspectives v^c^ and p^d / s is the perepective of the 
vertex. 

I'rob. 11. (Fig. 7, PI. XXVI.) To find the perspective 
of an liexagonal pnsm^ whose axis is parallel to II and in- 
clined to V. 

The prism rests with one face in H ; aekl is the plan ; m'p^ 
is the trace upon V of the plane of the upper face of the 
prism ; t'n^ is the trace upon V of the horizontal plane which 
contains the edges projected in al and ek / cc' is the point of 
sight. 

As the edges al^ hh^ etc., of the prism are parallel lines, and 
are so situated that they pierce V within the drawing, tlie 
most convenient way to find their perspectives is by joining 
their traces with their vanishing point. To find the vanish- 
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Ing point, draw cw — (fw' parallel to a?, W, etc. ; this pierces 
V at v)\ the vanishing point of the edges of the prism. 

The edge al pierces V at a\ and a'w' is its indefinite per- 
spective ; this is limited at z by the diagonal t'd; q' is the 
trace of 6A, when an edge of the upper face, and q^w' is 
its indefinite perspective; this is limited by the diagonals 
tn/d and o^d y* qw^ is the indefinite perspective of JA, when an 
edge of the lower face, and is limited by the diagonals md and 
^/ in the same way the perspective of the other edges can 
be found. The method of completing the perspective of tho 
prism will be apparent 

Construct the perspective when the axis of the prism is 
parallel to both planes of projection. 

Proh. 12. (Fig. 1, PI. XXVII.) To find the jperspeotive 
of a circle. Let (lebk be the circle situated in the horizontal 
plane. Find the perspectives of the squares a^5^ and hmno / 
this will give eight points of the perspective of the circle ; the 
curve should be tangent to the sides of the circumscribed 
square at the points xsyv, 

Prob. 13. (Fig. 2, PL XXVII.) To find the perspectivt 
of a circle when it is perpendicular to hoth H and V. Let 
ek and a'5' be the projections of tlie circle ; ad"a"e" repre- 
sents the circle with inscribed and circumscribed squares^ 
when revolved about the point ah' into H. 

To find the perspective of the circumscribed square, draw 
a'c' and JV / these are the indefinite perspectives of the 
upper and lower edges ; draw the diagonals kp and eq^ and 
find their perspectives ; at r and I erect perpendiculars, and 
they will be the perepectives of the vertical edges of the 
square. 

The perspective of tue inscribed square can be found in the 
same way ; Vo' is equal to oo" and h'h' to oh, 

Proh. 14. (Fig. 5, PI. XXVII.) To find the perspective 
of a vertical cylinder. The cylinder is tangent to V; xy is 
the vertical trace of the plane of the top. Construct the per- 
spectives of the two bases by Proh. 12. Vertical lines tan- 
gent to the two curves will be the extreme elements of the 
cylinder. 

Hem/vrh. In this problem, and some of the others, the pep- 
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The completion of the rest of the perspective of the lowei 
part of the block is evident from the figure. 

To construct the perspective of the upper part, make J9^'= 
yk ; ph! = rah ; pv' = yv ; draw* the lines k'd^^ h'di^ v'd^^ 
where these meet perpendiculars, erected through ^, g^ r, will 
be points of the perspective ; in the same way other points 
may be found if necessary. The completion of the persuec- 
fcive is left for the student. 

(construct the perspective when the block is placed so toat 
!♦« edges will not vanish at d and dy. 
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one, Oj on which the ends of the long rafters rest, the^.> 
flats. 

Dravnng of a rooft'^tLas. We commence the drawinfc of 
the truss by constructing the triangle aho formed by the 
top line of the tie-beam and the inner lines of the main 
rafters. Next draw the centre lines d — e and g — h of the 
king and queen-posts ; next the top line, ra — /i, of the strain* 
ing beam. 

Having thus made an outline sketch of the general form, 
proceed by putting in the other lines of the different beams 
in their order. 

To show the connection of the queen-posts with the tie- 
beam, etc, a longitudinal section (PI. VEIL Fig. 101) is 
given, which may be drawn on a larger scale, if requisite. 
Also a drawing to a larger scale is sometimes made, to show 
tJie (;<»nnection between the bottom of the raftera and the 
tie-beam. 

liemarks. As it is usual in drawings of simple frames 
like the above to give but one projection, showing only the 
cross dimensions of the beams in one direction, the dimen- 
sions in the other are witten either above, or alongside of the 
former. When above, a short line is drawn between them ; 
when alongside, the sign x of multiplication is placed between 
them. The better plan is to write the number of the cross 
dimension that is projected in the usual way, and to place the 
other above it with a short line between, as in PI. XI. Fig. c, 
that is, 8 inches by 9 inches. 

Columns and Entablatures. In making drawings of these 
elements, it is usual to take the diameter of the column at the 
base, and divide it into sixty equal jmrts, termed ininuteR ; 
the radius of the base containing thirty of those j^arts, and 
termed a module^ being taken as the unit of measure, the 
f i-actional parts of which are minutes. For building purposes 
the actual dimensions of the various parts would be expressed 
in feet and fractional parts of a foot. 

To cummence the drawing, three parallel lines (PI. IX. Fig. 
102) are drawn on the left-hand side of the sheet of paper. 
The middle space, headed S^ is designed to express the 
heights^ or distances apart vertically of the main divisions ; 



Attt ott the lefty heaided Bj is for the heights of the Bubdi 
fiskns of the nukln portioos ; and that on the right, headed 
Ty is for what are termed \b/^ projections^ that is, the distancee 
measured horiioatallT between the centre line, or axia of the 
colaruiu and the parts which project beyond the axis. 

At a snicible dLSCance on the right of these lines another 
paralleL X — T^ is drawn for the axis of the column. At some 
wiitable j>omt* townrds the b»:>ttom of the sheet, a perpendicu- 
lar is drawn to :he axis^ and prolonged to cnt the parallels 
to i:. Pais last line is taken as the bottom line of the base 
of nlio v.vlumtu Fn m this line set c^ npwards — Ist, the 
litv^^: oc che base : ^d, that of the shaft of the column ; 3d, 
tli;i: ot trin? cajHtral of the ct>lamn; 4th, the three divisions of 
chv* ^utikMaiCu^r^ ; and through these points draw parallels to 

OociirueuvLti^ now a: :be cop horizontal line set off aloug it 
frvKii :L\e axis^ :o :ae ri^rfi:, the dLstanee a — J, equal to the 
prv^jeccioti ot the : oin: 5 .• lq the same war the projections of 
tlu' suooeisfiv^ jvt:iri^ hi :he£r onier below, as d^f^ etc. Ilav- 
hjiT ui:*rktyl :Iu^!?e 1^^:0.-5 dLScinctli", to s^ide the eye in draw- 
:rg ::ie » cLit^r M:ie> tVr pn-'jeotkHasw commence bj setting off 
akvura:<^'y, frvH- :h^ :. p d wnwardsw the heights of the respec- 
t- ve >uXi- v:>:v CIS alv^ur the spA^.'e headed R. These being set 
off dr:*xr yAr:illol>. rhnx:^ trie ^i«>tats set oflF, to the horizon- 
talsv vVvu:r.^^ttc:r^ a: :rie to;\ and :^v:idin:j the eve and hand 
bv the {v>fn:^> 5. i, ecc^ in orler ax to extend the lines un- 
neoessarllv Ivvv^nii the axls^ 

HaviuiT drawn :he h*>r-axii:al>^ pr*>eeed to set oflF npon them 
tiieir ov^rresixxiiir^ rrvHevrtions; wh:eh done^ connect the 
horirontal lines l^y rl^: lines. <i^ arvs of circles, as shown in 
the figure. 

Jlya^ii'^Cf^ The nK^nM:ngs :n anchrtectnre are the portions 
fon>.K\i of cnrv^e^i s::rfacesw The oatiines. or profiles of those 
in mv>>: cx>:r.:i>>n use in the Roman style, are idiown in (PL 
IX. Fig. li"^ , :hey cv^nsist of either a single arc of a circle, 
which for!!! what are :er:iiied si^jpie mocHdings ; or of two or 
more arcs, termed -comj^yit^f monddings. The arcs in the 
Plate are either semic;rv!!e5^ as :n the f^isriw, kcl, or qnadranta 
cf a circle, as in the caKiii\ Pi>j>tirj^ etc Tlie mannei i4 
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oonfitrucliiig these curves is explained (PL III. Figs. 39, 40^ 
etc.). 

The entire outline to the right of the axis is termed a 
profile of the column and entablature. 

Remarks. In setting off projections, those of the parts 
above the shaft are sometimes estimated from the outer point 
of the radius of the top circle of the shaft ; and tliose below 
it from the outer point of the lower radius ; but the method 
above explained is considered the best, as more uniform. 

Where the scale of the drawing is too large to admit of the 
entire column being represented, it is usual to make the 
drawing, as shown in the figure, a part of the shaft being 
supposed to be removed. 

The outline of the sides of the shaft are usually curve lines, 
and constructed as follows : — Having drawn a line (?— ^ (PI. 
IX. Fig. 104) equal to the axis, and the lines of the top and 
bottom diameters being prolonged, set off on the latter their 
respective radii o — 6, and j? — a. From a set off a distance 
to the axis a — c, equal to o — 5, the lower radius ; and prolong 
a — (?, to meet the lower diameter prolonged at Z. From the 
point Z draw lines cutting the axis at several points, as d^ e^f^ 
etc. From these points set off along the lines Z — 6?, etc., the 
lengths d — m, e — w, ifec, respectively equal to a — (?, or the 
lower radius ; the points tr^ n, etc., joined, will be the outline 
of the side of the column. 

Arches. (PL VIII. Fig. 105.) The arch of simplest form, 
and most usual application in structures, is the CT/lindrioalj 
that is, one of which the cross section is the same throughout, 
and upon the interior surface of which, termed the soj/it of 
the arch, right lines can be drawn between the two ends of 
:.t. The cross sections of most usual form are the semicircle, 
an arc of a circle, oval curves, and curves of four centres 

liigkt a/rch. The example selected for this drawing is the 
one with a semicircular cross section, the elements of the 
cylinder being perpendicular to the ends, and which is termed 
ihefull centre right arch. 

We commence this drawing by constructing, in the first 
place, the elevation of the^face, or the front view of the end 
c4 the arch. Having drawn a ground line G — Z, set oH 
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Unea of the arch. The right Hne projected in 0, and parallel 

to the apringing lines, is termed tlie Oicwt of the arch. The 
right lines of the soffit projected in ?/i, n, etc., are termed the 
goffit edges oi tha coursing joiiitsoi. the ava\\ ; theliiieam — w»', 
n — 7t', etc., the yaw edges of the same. 

To construct a longitudinal section of the arch by a vertical 
plane through the axis of which the trace on the face is the 
line M — N, commence by drawing a line b" — Ji" parallel 
to h — B, and at any convenient distance from the front eleva- 
tion ; from V set off along the ground line the distance b" — b\ 
equal to that between the front aud back faces, or the length 
of the arch ; from b' dj-aw b' — 3' parallel to 5" — B", and 
prolong upwards these two lines. The rectangle b'B'B"b" 
will be the projection of the face of the abutment on the plane 
of section ; the line b' — B', corresponding to that b — B, etc, 
Drawing the horizontal lines B" — B', m" — m'", etc., at tha 
same height above the ground line as tlie respective points B, 
m, etc., they will be the projections of the soffit edges of the 
coursing joints. Tlie half of the soffit on the right of the 
plane of section M — N, is pi-ojected into the rectangle 
B'G'C'B". The arch stones k, k, etc., forming the key of 
the arch, are represented in section, the two forming the ends 
of greater depth than those intermediate, as is very often done. 
That is, the key-stones at the ends, and the eud walls of the 
abutments, are built up higher than the interior masonry be- 
tween them; the top of this last being represented by the 
dotted line o— ^ in the elevation and the full line o— ^' on 
the cross section. 

The arch stones running through from one end to the 
other, and projected between any two soffit edges, as B" — B', 
and m" — m'", are termed a string course. The contiguous 
stones rnnning from one springing line to the other, as those 
projected in k, k', k", (fee., are termed ring couTses. The 
lines, of which those r — » are the projections, are the soflit 
edges of the joints, termed heading joinls, between the stones 
of the string courses. These edges in one course alternate 
with those of the eoui-ses on either side of it. 

The cross section on R — S requires no particular explana- 
. don. From its conventional lines, it will be seen that the 
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CHAPTER XIV 

MECHANISM. 

Prob, 114. (PL XIV. Fig. 187.) To construct the projee 
lions of a cylindrical spvr wheel. 

The wheel work employed, in mechanism, to transmit the 
motion of rotation of one shaft to another (the axis of the 
second being parallel to that of the first), usually consists of 
a cylindrical disk, or ring, from the exterior surface of which 
projects a spur shaped combination, termed teeth^ or cogs^ so 
arranged that, the teeth on one wheel interiocking with those 
of the other, any motion of rotation, received by the one 
wheel, is communicated to the other by the mutual pressure 
of the sides of the teeth. There are various methods by 
which this is effected ; but it will be only necessary in this 
place to describe the one of most usual and simple construc- 
tion, for the object we have in view. 

The thickness of each tooth, and the width of the space 
between each pair of teeth, are set off upon the circumference 
of a circle, which is termed the pitch line or pitch circle. The 
thickness of the tooth and the width of the space taken 
together, as measured along the pitch line, is termed the pitch 
of the tooth. The pitch being divided into eleven equal parts, 
five of these parts are taken for the thickness of the tooth, 
and six for the width of the space. Having given the radius 
— m of the pitch circle, and described this circle, it must first 
be divided into as many parts, each equal to h — A, the pitch of 
the teeth, as the number of teeth. Having made this division, 
the outline of each tooth may be set out as follows : — From 
the point A, with the distance h — h as a radius, describe an 
arc b — c, outwards from the pitch circle ; having set off h — e, 
the thickness of the tooth ; from the point Z:, with the same 
radius, describe the arc e-^f To obtain the apex c—f of the 
tooth, which may be either a right line, or an arc described 
from o as a centre ; place this arc three-tenths of the pitch 
V— A from the pitch line. The sides of the tooth, within the 
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bottom of each space are all portions of cylindrical sorfaces, 
the elements of which are parallel to the axis of the wheel. 
The horizontal projections of the edges of the teeth C"'— C7'and 
F" — F\ which correspond to the points projected in c, and^^ 
as well as those of the spaces, which correspond to the points 
a and rf, will be right lines parallel to — 0\ Drawing the 
projections as C—O^ and F—P^ &c., of these edges, we 
obtain the complete horizontal projection of the wheel. 

Prob. 115. (PL XIV. Fig. 138.) To construct the prcgeo 
tions of the same wheel when the aocis is stiU horizontal but chlique 
to the vertical plane. 

As in the preceding Probs.j of like character to this, the 
horizontal projection of all the parts will, in this position of 
the axis, be the same as in the preceding case; and the 
vertical projections will be found as in like cases. The pitch 
circle and other circles on the faces of the wheel, and the 
ends of ihe boss, will be projected in ellipses ; the transverse 
axes of which are the vertical diameters of these circles ; and 
the conjugat3 axes the vertical projections of the correspond 
ing horizontal diameters. The vertical projections of the 
edges of the teeth, which correspond to the horizontal pro- 
jections C— 0\ and F—F\ &c., will be the lines c — c'", and 
f—f*\ &c., parallel to the projection o' — o", of the axis. 

Prob, 116. (PI. XV. Fig. 139.) To construct the projections 
of a mitre, or beveled wheel, the axis of the wheel being horizontal^ 
and perpendicular to ihe vertical plane. 

The spur wheel, we have seen, is one in which the teeth 
project beyond a cylindrical rim, attached to a central boss 
either by arms, or by a thin connecting plate ; moreover that 
portions of the teeth project beyond the pitch line, or circle, 
whilst other portions lie within this line. Mitre, or beveled 
wheels, are those in which the teeth are attached to the 
surface of a conical rim ; the rim being connected with a 
central boss, either by arms, or a connecting plate. In the 
beveled wheel the faces of the teeth project beyond an 
imaginary conical surface, termed the pitch cone, whilst the 
flanks lie within the pitch cone. The faces and flanks are 
conical surfaces, which have the same vertex as the pitch 
cone; .the apex of each tooth is cither a plane, or a conical 
12 
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(he teeth and rim. The length of each tooth, measured 
along the element F — n of the pitch cone, will be n — n\ 

To construct the vertical projection of the wheel, we 
observe, in the first place, that the points n, 6, e, &c. (Fig. 5), 
where the faces and flanks join, lie upon the circumference 
of the circle of which o — n is the radius, and which is the 
pitch circle for the outline of the ends of the teetli ; in like 
manner that the points e,yj &c., of the apex of each tooth, lie 
on a circle of which p — q is the radius ; the points .v, a, (/, 
&C., lie on the circle of which r — s is the radius; and the 
interior circle of the rim has t — u for its radius, 'i'he radii 
of the corresponding circles, on the smaller ends of ilie teeth 
and rim, are o' — ?// p^ — q'; r' — s'; and t — a'. In the second 
place all these circles are parallel to the vertical plaice of 
projection, since the axis of the wheel is perpendicular to this 
plane, and they will therefore be projected on this plane in 
their true dimensions. 

From the point then, the vertical projection of the axis, 
describe in the first place the four concentric circles with the 
radii — §, — -.V, — *S* and — CT" respectively ecjual to 
p — g, — 71, &c. ; and, from the same centre, the four others 
with radii — Q\ &C', resf)ectively equal to p' — 7', &c. 

On the circle having the radius — iVJ set off the points 
.V, fi, E^ &c., corresponding to ?i, 6, e, &c. ; on the one — Q^ 
the points CJ F^ &,c., corresponding to c, / &c. ; on the one 
— aS, the points. aS', A^ D^ &c., corresponding to 5, a, d, &c. 
From the points (7 and F^ thus set off, draw right lines to the 
point 0; the portions of these lines, intercepted between the 
v:ircles of which — ^ and — Q' are respectively the radii, 
with the portions of the arcs, as G- — F^ O — F^ intercepted 
between these lines, will form the outline of the vertical pro- 
jection of the figure of the apex of the tooth. The portions 
of the lines, drawn from B and FtoO, intercepted between 
the circles described with the radii — iV and — N\ together 
with the portions of the lines forming the edge of the apex, 
and the curve linos B — (7, E — F and the coiTes])onding 
curves B — C*, F — E on the smaller end, will be the projec 
tions of the outlines of the faces and flanks of the tooth. The 
outline of the projection of the bottom of the spare will lie 
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titU«tii the hgbt lutes drmwn from ii2J and J. to 0, and tiis 
nrvv 4!!^ /I, S — A\ iolerceplcd between, these linea^ on dift 
oirvliM!i dMcriUnl with the radii O — ^ and — iS\ 

'l')i4t> ^>rojcctioa of the cyliDdrieal eye of the boss is the 
M^iisUy iW^fCrxhisl with the radiua O — K. Having completed 
\Uk- vi^rticti) projivtion, the coTreepotyding points in horizontal 
^•Mi)vvti«»ii urv luund by projecting the points (7, F, By E^ A, 
l\ A»'., iniu thvir n^pective ciicom&rences (Fig. A) al 
^ . /*, ^' , vVr. The {H>rtion» of the lines drawn from Candi 
»•» ", HI wMiivul pr\)ject*on, will, in horizontal projection^ be 
ili.4^vii \\\M\\ c' and/' to Y; and so for the other element* <rf 
nii> >»uii,u*is« v>f iho facets fhiiiks, &c, of the teeth. The hori- 
..♦.Hiil (.tx»|svluHi \,>r tho larger end <rf each tooth will be a 

11k* Ks.rtr» |»t^»|ivij4 bc>\>rul the rim at the larger end of the 
l^U^.i'l . til i.>» tixually a hollow cylinder. Its horizontal pro- 

/N»H». tir vl'^' ^V. Fig. 140.) lb construct the projtc- 

'•f'/i, ;, tu ^.tttit' N //11'/, trheti t/ie cuxis is oblique to t/ie vcrtka 
jmi.',., .♦..,♦' liu^ «!./<•' .^v (Hfvn Co Um horizontal. 

I Ki 1 \ .»' ».»i.usi v»i thv> i>rv>bK*ni requires no particular verbal 
*' xi l'»'« HUM . ;v* r»\»»n prwwling problems of the like cha- 
i4\i.i. v\y\ \\w K^,^5< tho matmer in which the vertical 
l«iv')MUv''n ^!v^ v'biHnK\l t>vm the horizontal will be readily 
m ^U' »«ui V\w iKKxt »uHuttt*r however of commencing the 
V, Mix.^i I 'x^ixvUv^a \%iU b^ tv dnfcw, in the first place (Fig. -D), 
.^11 \\^^ ^\\\\\.s\k \\\\w\x ;uv th<> pn>jections of the circles 
,1, .^n^ssl \\iu\ \.\w ^Hviu '^^-(^^ r — X &a (Fig. C)y and next 
viiv... x»4 »'u^ \\uvt\s^ oi' I he thrxv vvnes^ which will be the 
P v>u>., , ' ♦ ivl / . ri\vs*.> lvir»^ drawn the projections of 
I, . .u.i\.»^ u '.»xss 'Oiit.^c; *'av^ v^uttitt^^ of the projection of 

v»^i »»v ^^'', \ >\;. le',.^ I> CKmsbruct the projec' 

V« * v-v « V V ^ ^^ V. » oi^rtsfc. it will be requisite to 

lk^^^*s\ tksMs 4 '' v^ V. rrvx^ t .. ;'. , ,,u^ W 50 markcd out on the 
nvs^^vv s-^ 4 '£<''• v^'vi- i< >.^ >KX!! iiij*, wWa this sor&oe is 
\I*^\V^^N*>\ H^^ s 'v^ >N- \ ^" X' J^ "n^-t £fte on the develq)- 
H^^r*. i^v^.? 3>^^>v.v\v^K^ .V .>;ts. )vix%Yt^)i:r^i line drawn OL 
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the developed surface of a right circular cylinder, to find the 
projection of this line, when the development is wrapped 
arouitd the surface. 

Let ABCD be the horizontal projection of the cylinder; 
acc'a' it& vertical projection ; and the line o — o' the projec- 
tions of its axis. Let the circle of the base be divided into 
any ntimber of equal parts, fi)r example eight, and draw the 
vertical projections e^-e\ J—f, &c., corresponding to the 
points of division i?, F^ Ac. Having found the development 
of this cylinder, by coHstructiifg a rectangle (PI. X. Fig. 
142), of which the base a — a is e(][ual to the circumference of 
the cylinder's base, and the altitude a — a! . is that of the 
cylinder; through the points e, t,/ c^ &c., respectively equal 
to the equal parts A — E^ &c., of the circle, draw the lines 
&— ^, h — h\ &c., parallel to a — a\ These lin^js will be the 
developed positionis of the elements of the cylinder, pro- 
jected in e-^e'y h—h\ &c. Now on this development let any 
inelitied line, as a — m, be drawn ; and from the point w, at 
the seime height above the point a, ow the left,: as the point m 
is above a on the right, let a second inclined line n — w! be 
dr^wn paifallel to a-— m ; and so on as many more equidistant 
inclined parallels as may be requisite. Now it will be 
observed, that the first line, a — m, cuts the different elements 
of the cylinder at the points marked 1, 2, 3, &c. ; and therC' 
fore when the development of the cylinder is wrapped around 
it these points will be found on the projection's of the same 
elements, and at the same heights above the projection of the 
base as they are on the development. Taking, for example, 
the elements projected in 6 — i^, and c — c', the points 2 and 4 
of the pre jection of the helix will be at the same heightsi, 
fc— 2, and c — 4 on the projections, above u — c, as they are on 
the development above a — a. It will be further observed, 
that the helix of which a — m is the development will extend 
entirety around the cylimlcr; so that the point m, on the 
projection, will coincide with the two m and )i on the deve- 
lopment, when the latter is wrapped round ; and so on for 
the other points m, »', and m'; so that the inclined parallela 
«rill,, in projection, form a continuous line or helix uniformly 
vaund around the cylinder. Moreover, it will be seen, if 



thfaagh i}te pointo 1, 2, 3, &c^ on the deTelopment, lines an 
drawn {/arallel to the baae a — o^ th^t these lines wiH be equ- 
distant, or in other words the point 2 ia &t the sazne hdgb 
a)x;ve 1, as 1 iB aVx>ve a, &c. ; and that^ in projecdon abo^ 
llie^e points will be at the same heights above eadi other; 
♦his givpa an easy method of oonstrocting any helix on a 
I'vlinde* when the height between its lowest and highest 
pniiit f«)r one turn around the cylinder is given. To show 
llii!=»: having divided the base of the cylinder into any 
MMinluM' of equal parts (PI. X. Fig. 141), and drawn the 
\ »*! Ileal projections of the corresponding elements, set oflFfrom 
\\\r font of any element, as a, at which the helix commences, 
Hip luMght n — in^ at which the helix is to end on the same 
t UMniMit ; divide a — m into the same number of equal parts 
n'5 tlu^ l>ft?e ; through the points of division draw lines 
pn^TiU^^l to fT — r, tlic projection of the base; the points in 
\\\\\\A\ tlu^fe parallels cut the projections of the elements will 
W \\\\^ tv^^uii^l |M>ints of the projection of the helix; draw- 
». n ^^,^ xm\vv\m1 line a, 1, 2, &c., through these points it will 
W \\\\^ \\\\\\\\w\ pi»jcction. 

Ut>\\»\^ t^\ plained the method for obtaining the projec- 
v^>>r< \M fi h\\\\ on a cylinder, that of obtaining the projections 
Y^i t^>r j>ivt«» of a j>orew with a square fillet will be easily 

/^' ^ Ut^. v^""* XVI. Fig. 148.) To amstruct the prafectums 

^'^r^\\ f^<i K^t^TV a oiivle. with any assumed radius A — B, 
C'> 1^^^ ^f^ct^ x^: :ho ^vid ov'.inder which forms what is termed 
0>v ', -v- oi 1^ t^ «t^rH^w. aT":d around which the fillet is wrapped. 
^ '.»"t>nvt, r^^. r -N^w. ib<-^ proHVtions of two parallel helices on 
\\u nt \\>M , V, .Nr<^ z'^^' : the other jr:2*; their distance 
^V<^>f. n V X^ ;^ t)^ hoichu or thickness of the fillet, 
V'linAnf^N^ n^>Ti^ : ' x^ ^^Vr»>ort a — « of :be cylinder. From 0, 
>>^M> n v'xr;!*^ 1^ n . <i<5:vni>e another ciTtiie. s:2ch that 

1 ^ ^y\'>'\ W -ih.- h-v^adth of ;he fiViei as estimated in a 
^1m>s*;, 1^ ,s, .,^,,./.v,v.;:<^ - i^^ fj>^ jixis of the newel: andlettlie 
»>.s ♦fx.xr.\ , ,.. , Iv tHc v^^rtksa'. TOO^wsioin of this crliiider. 

^1^^1nJ, t4a tvV,s; tN^ h?*>«H^ of the ;»oooc cy iindd imo a libe 
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the vertical projections of the elements corresponding to these 
points, as h — h\ &c., construct the vertical projection of a 
helix on this cylinder, which, commencing at the point a' 
shall in one turn reach the point m", at the same heighi 
above a" as the point m is above a. The helix thus found 
will evidently cut the elements of the outer cylinder at the 
same heights above the base as the corresponding one on the 
inner cylinder cuts the corresponding elements to those of 
the first ; the projections of the two will evidently cross each 
other at the point 2 on the line h — V, In like manner 
construct a second helix aj"22", on the second cylinder and 
parallel to the first, commencing at a point cc" at the same 
height above a" as x is above a. This, in like manner, will 
cross the projection x2z at the point 2. The four projections 
of helices thus found will be the projections of the exterior 
and interior lines of the fillet ; the exterior surface of which 
will coincide with that of the exterior cylinder, and the top 
and bottom surfaces of which will lie between the correspond- 
ing helices at top and bottom. The void space between the 
fillet which lies between the exterior cylinder and the surface 
of the newel is termed the channel; its dimensions are usually 
the same as those of the fillet. 

Proh. 120. (Pis. XVI. XVII. Figs. 144 to 157.) To 
construct the lines shovnng the tisual combination of tlie 
working beam^ the crank, and the connecting rod of a steam 
engine. 

In a drawing of the kind of which the principal object is 
to show the combination of the parts, no other detail is put 
down but what is requisite to give an idea of the general 
forms and dimensions of the main pieces, and their relative 
positions as determined by the motions of which they are 
susceptible. 

As each element of this combination is symmetrically dis- 
posed with respect to a central line, or axis, we commence 
the drawing by setting off, in the first place, these central 
lines in any assumed position of the parts; these are the 
lines o—/j the distance from the centre of motion of the 
working beam A to that of its connexion with the connecting 
rod i?, and which is 3 inches and 55 hundredths of an inch 



i«f^ 



1: iLK.n cr ^ iirr-x: uk :nK ^^ — :..tHf iX]Baiifse<r tiK- eeaitpeaf 

Uit iii»* «— CL. iron hh ^eniFt a: niauaL -f ix tiia; e? of liff 
rrjum iinc tut wo'^iiiiiT Fiiat: mt jictiial mFiaiiee being 1 inrii 
iiti uuuui^atiit Tit*'*- '"^^ i^m r axsamoeh- -«;i aE lie 
V-Ttiiw* of tut Twir V IMC! iPe frnnmetncallT ijiaced witii 

tut aravnu^. ir lrc*n. iiit mort netaiiec 7*^b. 1^» xc- 157. 

iinTiu^ frumpiefeL iiit cHnini^ iir nffx; sod & '»»<R»'»wTt 
mitiioe* CJ* iiuot. lernifc. iitn*ram*^ /rths, -CD new "Aae nqib- 
tiiOt of iiiL»acn tr? Iih: ijane. or tbt «uwt piHBcl iwsr iEtweD 
tiie 4!£Trt?tu>: ;*L«tii\.iiif (.«f tiif cxaf. jbf ^wsL aiE ^iif dineiiaii or 
pitt'u II iruiCL t!it lo"^ movt. ThfP afp jE^iDwr iy xbe arc 
w*^.*rit«ec lrun_ ( vriL tiit Tiinii» «^-:"^.' litt' crrcif idcrihe^ 
w'ltL c — * tut iiiH* I- — CL * — c anD » — i, tbr taiagm e and 
1IMS21I. pl»»IUtJli^ of lut txK li — ;*': nilL i— iL, nd i^-y tie 
eKtremt^ vuBm.»b^ erf ; — ;.. 

termed arcuu £:3^. i^eiiir ::ii^ dzHwi: acroBE 1^ oeolne csf 
iiiUUt»L of urufiuatiLCifc lis^ tiiTL>T3i:L lue WBsn of :&eaxB an 
<iruB^ e«cii(nj€. ii?^ reauisnt:. icir litt iuE iiBd£!Tsamcbii£: of the 
fjcmilubuxiimf :»- tiit: iiarii- : snti. jlvt csamaiie. ae tbe Snefi 
z — J. uud f^ — i:, ;>L Tin. 147^ viiiii i^ & cro^ secaiazi of tiie 
oaiiiJw:iiii^ n*d. madt in 7?. — i^, ??. — t. , FigR. 145, 14^ ; liose 
X— r X— r, kjL.: iii »«t Z— F: Z— it m f^ 14E 
w^ ICC 

/^.'i>^. 12L :?:. XTZTL Fi^fe. I5b lolTiLi To mabt & 

A I'erv init»c>r.uii: tilt: -»f zitt biKmeat^ of die dETMSsmsa 
aiid trngiDt^r i^ iLk; oi uk:: j tbe ToeasnreiiieDis of indiis&'a] 
obj^jcifc, with £ View v ziihjt. ::r l riisbec di^fivms iram lie 
ix>u;^ii fckfieiieb iiiadf ir. i.ir Tuue of liif r jt'^ttsuremx^Titt. For 
die purpoees c*f tlib luitc-r, iiit- di^aiismai- r^qmres tbe vmI 
austruui^itE I6r lut^k^uriLig dif^iLDoes aiid detea-miiiiiig tiki 
^<*ri«g«tal aiid Temeal dietaiiaei apan ^4 iccnis; as iki 
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sarpenter's rule, measuring rods, or tape, compasses, chalk 
line, an ordinary level, and a plumb line. The first three are 
used for ascertaining the actual distances between points, 
lines, &c. ; the chalk line to mark out on the parts to be 
measured central lines, or axes ; the two last to determine 
the horizontal and vertical distances between points. For 
sketching, paper ruled into small squares with blue, or any 
other colored lines, is most convenient ; such as is used, for 
example, by engineers in plotting sections of ground. With 
such paper, or lead pencil, and pen and ink, the draftsman 
needs nothing more to note down the relative positions of the 
parts with considerable accuracy. Taking for example the 
side of the small square to represent one or more units of the 
scale adopted for the sketch, he can judge, by the eye, pretty 
accurately, the fractional parts to be set off. In making 
measurements, it should be borne in mind, that it is better to 
lose the time of making a dozen useless ones, than to omit a 
single necessary one. The sketch is usually made in lead 
pencil, but it should be put in ink, by going over the pencil 
lines with a pen, as soon as possible ; otherwise the labor 
may be lost from the effacing of numbers or lines by wear. 
The lines running lengthwise and crosswise on the paper, 
and which divide its surface into squares, will serve, as 
vertical and horizontal lines on the sketch, to guide the hand 
and eye where projections are required. 

It is important to remember, that in making measurements 
we must not take it for granted that lines are parallel that 
seem so to the eye : as, for example, in the sides of a room, 
house, &c. In all such cases the diagonals should be 
measured. These are indispensable lines in all rectilineal 
figures which are either regular or irregular except the square 
and rectangle. 

The mechanism selected for illustrating this Prdb. is the 
ordinary machine termed a crob engine for raising heavy 
weights. It consists, Ist (Fig. 158), of a frame work com- 
posed of two standards of cast iron A^ A^ connected by 
wrought iron rods 5, 6 with screws and nuts ; the frame being 
firmly fastened, by bolts passing through holes in the bottoms 
of the standards, to a solid bed of timber framing ; 2d, of th« 
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mechanism for raising the weights, a drum B to which li 
fastened a toothed wheel C that gears or works into a pinion 
D placed on the axle a; 3d, two crank arms ^ where the 
animal power as that of men is applied ; 4th, of a rope wound 
round the drum, at the end of which the resistance or weight 
to be raised is attached. 

The sketch (Figs. 169 to 168) is commenced by measuring 
the end view A' of the standards and other parts as shown in 
this view ; next that of the side view, as shown in (Fig. 160). 
To save room, the middle portion of the drum S\ &c., is 
omitted here, but the distances apart of the different portions 
laid down. These parts should be placed in the same 
relative positions on the sketch as they will have in projec- 
tion on the finished drawing (Figs. 169, 170). The drum 
being, in the example chosen, of cast iron, sections of a 
portion of it are given in Figs. 163, 164. The other details 
speak for themselves. 

The chief point in making measurements is a judicious 
selection of a sufficient number of the best views, and then a 
selection of the best lines to commence with fi'om which the 
details are to be laid in. This is an affair of practice. The 
draftsman will frequently find it well to use the chalk line to 
mark out some guiding lines on the machine to be copied, 
before commencing his measurements, so as to obtain central 
lines of beams, &c. ; and the sides of triangles formed by the 
meeting of these lines. 



TO»t>GRAPHICAL DRAWING. 1^7 



CHAPTER XV. 



TOPOGRAPHICAL DRAWING. 



T!hb tenn topographical drawing is applied to the methods 
adopted for representing by lines, or other processes, both 
the natural features of the surface of any given locality, and 
the fixed artificial objects which may be found on the 
suT&ce. 

This is effected, by the means of projections, and profiles, 
or sections, as in the representation of other bodies, com- 
bined with certain conventional signs to designate more 
clearly either the forms, or the character of the objects of 
which the projections are given. 

As it would be very difficult and, indeed with very few 
exceptions, impossible to represent, by the ordinary modes 
of projection, the natural features of a locality of any con- 
siderable extent, both on account of the irregularities of the 
surfiuje, and the smallness of the scale to which drawings of 
objects of considerable size must necessarily be limited, a 
method has been resorted to by which the horizontal dis- 
tances apart of the various points of the surface can be laid 
down with great accuracy even to very small scales, and also 
the vertical distances be expressed with equal accuracy either 
Uf)on the plan, or by profiles. 

To explain these methods by a familiar example which 
any one can readily illustrate practically, let us suppose 
(PL XIX. Fig. 171) a large and somewhat irregularly shaped 
potato, melon, or other like object selected, and after being 
carefully cut through its centre lengthwise, so that the section 
shall coincide as nearly as practicable with a plane surface, 
let one half of it be cut into slices of equal thickness bj 
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wBRrinns^ parallel lo the one thrrMigh die centra This being 
done, let the slices be accurately placed on. each other, so aa 
to preserve the origintil shape, and then, two pieces of straight 
9tilf wire, J, By be run through all the dicea^ taking care to 
place the wirea a:? iieariy [jerpendicular as practicable to the 
iurtace of the board on which the bottom dice rests^ and into 
which they must be tirmly inserted. Having marked om 
irarefullv on the surtace of the board the outline of the ficrai*e 
jf the onder ade of the bottom slice, take up the slices, being 
jarelui not to derange the positions of the wires^ and, laying 
aside the bottom shoe, place the one next above it on the two 
vriresy in the portion it had before bemg taken np, and, 
bringing its tmder ^de in contact wtdi the board, mark out 
also Its outline as^ in the tirst slice. The second slice being 
laid asidfi, proceed in the same manner to mark ont the out- 
line on tlie board ot* each slice in its order from the bottom • 

■ 

by which means suppoang the number of slices to have been 
tjve a tigunj represented by Fig. ITl wiH be obtained. Now 
th^ curve first traced may be regarded as the outline of the 
bttj^ of the :i*.»lui, ou a horizontal plane; whilst the other 
curves iti succession^ from the manner in which they have 
been traced^ may be regarded as the horizontal projections 
oi the dltferent carves that bound the lower sor&ces of the 
different slices: but^ as these sur&ces are all parallel to the 
piane of the base^ the curves themselves will be the hori- 
aotital curves traced upon the sur&ce of the solid at the same 
vertical height above each other. With the projections of 
theeic cur\*es therefore^ and knowing their respective heights 
above the base^ we are furnished with the means of forming 
some idea of the shape and dimen^ons of the surface in 
question. Finally^ if to this projection of the horizontal 
curves we join one or more profrlesy by vertical planes inter- 
secting the surface lengthwise and crosswise, we shall obtain 
as complete an idea of the surfece as can be furnished of an 
object of this character which cannot be classed under any 
regular geometrical law. 

The projections of the horizontal curves being given aa 
well as the uniform vertical distance between them, it will be 
very easy to consiruct a profile of the sur£Eice by any vertical 
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plane. Let X — Y be the trace of any such vertical plane, 

and the points marked cr, a/, a/', &c., be those in which it cute 

the projections of the curves from the base upwards. Let 

G — L be a ground line, parallel to A' — Y^ above which the 

points horizontally projected in a:, x\ x'\ &c., are to be 

vertically projected. Drawing perpendiculars from these 

points to — X, the points will be projected into the grounti 

line at y ; that marked x' above the ground line at y\ at the 

height of the first curve next to the base above the horizontal 

plane ; the one marked x!\ will be vertically projected in y"^ 

at the same vertical height above x! 2^ y' is above y; and 

so on for the other points. We see therefore that if through 

the points y, y\ y'\ &c., we draw lines y' — y\ &c., parallel to 

the ground line these lines will be at equal distances apart, 

and are the vertical projectiono of the lines in which the 

profile plane cuts the different horizontal planes that contain 

the curves of tlie surface, and that the curve traced through 

yy'y'i ^^^ is the one cut from the surface. In like manner 

any number of profiles that might be deemed jcquisite to 

give a complete idea of the surface could be constructed. 

In examining the profile in connexion with the horizontal 
projection of the curves it will be seen that the curve of the 
profile is more or less steep in proportion as the horizontal 
projections of the curves are the nearer to or farther from 
each other. This fact then enables us to form a very good 
idea of the form of the surface from the horizontal projections 
ahne of its curves ; as the distance apart of the curves will 
indicate the greater or less declivity of the surface, and their 
form as evidently shows where the surface would present a 
convex, or concave appearance to the eye. 

For any small object, like the one which has served for our 
illustration, the same scale may be used for both the hori- 
zontal q,nd vertical projections. But in the delineation of 
large objects, which require to be drawn on a small scale, to 
accommodate the drawing to the usual dimensions of the 
paper used lor the purpose, it often becomes impracticable 10 
makfj the profile on the same scale as the plan, owing to the 
ijiiallness of the vertical dimensions as compared with the 
h^irizontal ones. For example, let us suppose a hill of irre 
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goiar shape, like the object of our preceding fflnstantion, and 
that the horizontal curve of its base is three miles in iff 
loni^est direction, and two in its narrowest, and that ibc 
higiiest point «-»t the hill above its base is ninety feet; and lei 
OS turther suppose tiiat we have the projections of the hori- 
routai curves «-'t :iie hill for everv three feet estimated ver- 
ticaiiv. Now ^uipoe^ing the drawinj^ of the plan made to a 
nakle oi -^ne :'o«3t :u ^ne mile, tiie curve uf the base would 
require for its deiiiieation a sheet of paper at least 3 feet long 
and *i feet broaia. Supposing moreover the projection of the 
summit .£ the oili :o be near the centre of the base and the 
deciLvicv rix>m :ais :?oint m ail directions sensiblv uniform, it 
■\ ui be readiiv seen zimL die distance 2^)ajrt of the horizontal 
curves esumjiteu aion;^ oie longest diameter of the curve of 
:u<» oik« will be about bail" an. incix, and along the shortest 
oae .lOouL jue-ihiri jt an inch : so that although the linear 
d^uieu^^;ous I 'he borixonLal projections are oolv the jj\j of 
aw Actuax bmeusiuns ot rhe hiil vet no difficult v will be 
twuuvi a 'acLxuii -n uie oorizontal curves. Btit if it were 
r^uuW :o ::iLui.e a yix^die on rhe same scale we should at 
v^iui;^ >«M bak >riLa jut jrdinaiy insirunients it would be 
.ai|^i>v;t.i\:;kUie. Vor afr any linear space on. the drawing is 
v^iiiv .a!< . ;j^^ pi^*^ vi! tiie otiire^iuQding ;^ai2e of the object, i^ 
•.g**c»*;^ Uifci or a vertaaai bseienK at three fieet, the distance 
b^w^i^a atj :< ' .<- LLcai >:ttm9^ irnL }» cepresented on the 
vLth.* -i^ » 1 -lit :^e by :iM i;^|^ part of a fix>t^ a distance 

vv >a«%%4i. 'o b«i ^d jjI or otirTxeaaL meam^ Xow to meet 
M^v^ v.) ad. v^i dilhcuity, tiie metdM. ha^ be^a devised of 
d^ikvv4u^ ixvaW by maintaining :he aame hicnniontal distances 
N^iiH^u '.lie ;.>oiucs^ Uii- on the phuu bufi maktrg the vertical 
vUwE*4iKv«v vm A :>caie, anv multiplfi wimcaver zreater than that 

'< 'ov :»iuu, hIucu may be round vron^reztiisiiiL. For example, 
»u «.4Kv vtu^i Hpioi-rj jjs> oy [^reserving me sao&e seade as that of 
»-Uv i>^uu hH liic bonzoQLal • iistance:^ ta» te^ knsth of the 
i*4w'A»H> HNSiUi l>c S reec ; but if we aiid^rtt &r the vertical 
v»kw^>4V'sH< % >^i:c ^i \ ^i q^ :m>a t» one fixity Am the vertical 
lUKWuyy t>v^Hvv** UHj horizoatal (SnxreB m^MoJd be y\ of an 
^♦v^ »4»M,i uhv^ .>*.u.uu«iii ^' liu^ i;>Jcoiife w'QvM lie 9 inches above 
Mh ^^^ \}. ^,:i 1)^ i\nj»ii;v :5e«a t&aH tdus method will not 
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alter ihe relative vertical distances of the points from each 
other; for fV of an inch, the distance between any two hcr> 
zontal curves on the profile, is the Jy of 9 inches the heigh* 
of the projection of the summit, just as 3 feet Is the 3V of 9C 
feet on the actual object. But it will be further seen that cne 
profile otherwise gives us no assistance in forming an idea of 
the actual shape and slopes of the object, and in fact rather 
gives a very erroneous and distorted view of them. 

Plane of Comparison^ or Reference. To obviate the trouble 
of making profiles, and particularly when the scale of the 
plan is so small that a distorted and therefore erroneous view 
may be given by the profile made on a larger scale than that 
of the plan, recourse is had to the projections alone of the 
horizontal curves, and to numbers written upon them which 
express their respective heights above some assumed hori- 
zontal plane, which is termed the plane of reference, or of 
comparison. In Fig. 171, for example, the plane of the ba^e 
may be regarded as the one from which the heights of all 
objects above it are estimated. If the scale of this drawing 
was i of an inch to ^ an inch, and the actual distance 
between the planes of the horizontal curves was equal to i 
an inch, then the curves would, in their order fi:*om the 
bottom, be J an inch vertically above each other. To 
express this fact by numbers, let there be written upon the 
projection of the curve of the base the cypher (0) ; upon the 
next this (1) ; &c These numbers thus written will indicate 
that the height of each curve in its order above that of the 
base is J, f , |, &c., of an inch. The unit of measure of the 
object in this case being half an inch. The numbers so 
written are termed the references of the curves, as they indicate 
their heights above the plane to which reference is made in 
estimating these heights. 

The selection of the position of the plane of comparison is 
at the option of the draftsman; as this position, however 
chosen, will in no respects change the actual heights of the 
points with respect to each other ; making only the references 
%A each greater or smaller as the plane is assumed at a lower 
or higher level. Some fixed and well defined point is usually 
taken for the position of this plane. In the topography of 
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localities near the sea, or where the height of any point of the 
locality above the lowest level of tide water is known, this 
level is usually taken as that of the plane of comparison. 
This presents a convenient starting point when all the curves 
of the surface that require to be found lie in planes above this 
level. But if there are some below it, as those of the exten- 
sion of the shores below low water, then it presents a 
difficulty, as these last curves would require a different mode 
of reference from the first to distinguish them. This difficulty 
may be gotten over by numbering them thus (-1), (-2), &c., 
with the - sign before each, to indicate references belonging 
to points below the plane of comparison. The better method, 
however, in such a case, is to assume the plane of comparison 
at any convenient number of units below the lowest water 
level, so that the references may all be written with numbers 
of the same kind. 

References, In all cases, to avoid ambiguity and to provide 
for references expressed in fractional parts of the unit, the 
references of whole numbers alone are written thus (2.0), that 
is the integer followed by a decimal point, and a 0; those of 
mixed or broken numbers, thus (2.30), (3.58), (0.37), &c.# 
that is with the whole number followed by two decimal 
pltMces to express the fractional part. 

Projectioiis of the Horizontal Curves, No invariable rule 
can be laid down with respect to the vertical distance apart 
at which the horizontal curves should be taken. This 
distance must be dependent on the scale of the drawings and 
the purpose which the drawing is intended to subserve. In 
drawings on a large scale, such for example as are to serve 
for calculating excavations and embankments, horizontal 
curves may be put in at distances of a foot, or even at less 
distances apart. In maps on a smaller scale they may be 
fiom a yard upwards apart. Taking the scale No. 8, in the 
Table of Scales farther on, which is one inch to 50 feet, or 
5-Ji^, as that of a detailed drawing, the horizontal curves may 
be put in even as close as one foot apart vertically. A con- 
venient rule may be adopted as a guide in such cases, which 
is to divide 600 by the fraction representing the ratio which 
designates the scale, and to take the resulting oiiotient to 
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exprei^ the number of feet vertically between the horizontal 
curves. Thus 600 ~ ^iy gives one foot as the required 
distance; 600 -4- yyVir gives 3 feet; 600 — ^i^ gives th^ 
half of a foot, &c., &c. 

But whatever may be this assumed distance the portion of 
the surface lying between any two adjacent curves ia 
supposed to be such, that a line drawn from a point on ty^c 
upper curve, in a direction perpendicular to it and prolonged 
to meet the lower, is assumed to coincide with the real 
surface. This hypothesis, although not always strictly in 
accordance with the facts, approximates near enough to 
aijcuracy for all practical purposes; especially in drawings 
made to a small scale, or in those on a large one where 
the curves are taken one foot apart or nearer to each 
uuier. 

Let d (Fig. 172) for instance be a point on the curve (3.0), 
drawing from it a right line perpendicular to the direction of 
the tangent to the curve (3.0) at the point d^ and prolonging 
it to c on the curve (2.0), the line d — c is regarded as the 
projection of the line of the surface between the points pro- 
jected in d and c. In like manner a — b may be regarded as 
the projection of a line on the portion of the surface between 
the same curves. It will be observed however that the line 
a— ft is quite oblique with respect to the curve (2.0), whereas 
d — c is nearly perpendicular to (2.0) as well as to (3.0), owing 
to the portions of the curves where these lines are drawn 
being more nearly parallel. to each other in the one case than 
in the other. This would give for the portion to which a — h 
belongs a less approximation to accuracy than in the other 
portion referred to. To obtain a nearer degree of approxi 
mation in such cases, portions of intermediate horizontal 
curves as x — a;, y — y, &c., may be put in as follows. Suppose 
one of the new curves y — y is to be midway between (2.0) 
•and (3.0). Having drawn several lines as a — /?, bisect each 
of them, and through the points thus obtained draw the 
curve y — y, which will be the one midway required. In like 
manner other intermediate curves as x — x, y — y may be 
drawn. Having put in these curves, the true line of 
doclivitv, between the points e and / for example, will b« 
13 
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the curved or broken line, e — f cutting the intermediate 
curves at right angles to the tangents where it crosses 
them. 

The intermediate curves are usually only marked In 
pencil, as they serve simply to give the position of the line 
that shows the direction of greatest declivity of the surface 
between the two given curves. 

Prcb, 122. Having the references of a number of points on a 
drawing^ as determined by an instrumental survey^ to construct 
from t/iese data the approodmate projection of the equidistant 
lorizontal curves having whole numbers for references. 

Engineers employ various methods for determining equi- 
distant horizontal curves, either directly by an instrumental 
process on the ground, or by constructions, based upon the 
3onsideration8 just explained, from data obtained by the 
ordinary means of leveling, &c. 

Let us suppose for example that ABCD (Fig. 173) repre- 
sents the outline of a portion of ground which has been 
divided up into squares of 50 feet by the lines x — x^ x' — x', 
y — y, &c., run parallel to the sides A — B and A — (7, and 
that pickets having been driven at the points where these 
lines cut each other and the parallel sides, it has been deter- 
mined by the usual methods of leveling that these points 
have the references respectively written near them. With 
these data it is required to determine the projections of the 
equidistant horizontal curves with whole number references 
which lie one foot apart vertically. 

Having set off a line A — x (Fig. 174), equal to A — a:, on 
(Fig. 173) draw perpendiculars to it at the points A and x. 
From these two points set off along the perpendiculars anr 
number of an assumed unit (say half an inch as the one 
taken), and divide each one into ten equal parts. Through 
these points of division draw lines parallel to A — x. 

Cut from a piece of stiff paper a narrow strip like A — 
(Fig. 174), making the edge A — accurately straight. Bj 
means of a large pin fasten this strip to the paper and draw- 
ing board at the point A. 

If we consider that for the distance of 50 feet between any 
two points on ground, of which the surface is uniform (as ii 
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most generally the case), the line of the surface bistween the 
lyiTo points will not vary very materially from a right line, 
and that any inconsiderable difference will be still less 
sensible on a drawing of the usual proportions, we m«^y 
without any important error then assume the line in question 
to be a right line. Now -as the reference of the point x is 
(26.20) the difference of level between it and A, or the height 
of a? above A is 1.70 ft., or equal to the difference of the two 
references. But from what has just been laid down with 
respect to the line joining the points A and x drawn on the 
actual surface, it is })lain that the point on this line having 
the whole reference (25.0) lies between A and cc, and that us 
it is 0.60 ft. higher than A its projection will lie between A 
and X and its distance from A will be to the distance of x 
from A in the same proportion as its height above 4 is to 
the height of x above -4, or as 0.50 ft. is to 1.70 fL By 
calculating, or by constructing by {P?vb. 54, Fig. 55) a fourth 
proportional to A — x = 50 ft. ; 1.70 ft. = the height of x 
above A ; and 0.50 ft. = the height of the required point 
above A; we shall obtain the distance of the projection of 
this point from A. In like manner by calculation, or 
construction, we can obtain the distance from A of anv 
other point between A and x of which the reference is 
given. 

But as the calculation of these fourth proportionals would 
require some labor the Fig. 174 is used to construct them by 
this simple process. Find on the perpendicular to A — x on 
the right the division point marked 1.70; turn the strip of 
paper around its joint at A until the edge A — is brought 
on this point, and confine ifc in this position. The portions 
of the parallels intercepted between A—'O and the perpen- 
diculars at A will be the fourth proportionals required. For 
example, the vertical height between the point (24.50) and 
the one (25.0) being equal to the difference of the two 
references, or 0.50 foot, the horizontal distance which corres- 
ponds to this is at once obtained by taking off in the dividers 
the distance, on the parallel drawn through the point .6, 
between the perpendiculars at A and the edge A — 0. Thia 
distance set off along the line A — B (Fig. 174) from A to 
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(26.0) will give the required point In lii^e manner tiie 
distance from A to (26.0) will be found, by taking off in the 
dividers the portion of ibe parallel drawn through the point 
1.5 on the perpendicular at A. 

To lind the points corresponding to the references (24.0), 
(25.0), and (26.0), on the line x — x parallel to A — -D, which 
lie between the points marked (26.20) and (23.30), the 
vertical height between these points being (26.20) — (23.30) 
= 2.90 feet, first bring the edge A — to the point marked 
2.90 on the perpendicular on the right, then, to obtain the 
distance corresponding to (24.0), take off the portion of the 
intercepted parallel through the point .7 and set it off from 
(23.30) towards (26.20), and so on for the other points (25.0) 
and (26.0). 

Having in this manner obtained all the points on the 
parallels to A — £ and A^D, with entire numbers for 
references, the curves drawn through the points having the 
same references will be the projections of the corresponding 
horizontal curves of the surfiice. 

It may happen, owing to an abrupt change in the declivity 
of the ground between two adjacent angles of one of the 
squares, as at b between the point A and y, on the line 
A — Dy that it may be necessary to obtain on the ground the 
level and reference of this point, for greater accuracy in 
delineating the horizontal curves. Suppose the reference of 
b thus found to be (21.50), it will be seen that the rise firora 
y to 6 is only 0.4 foot, whilst from fe to -4 it is 3 feet. To 
obtain the references with whole numbers between b and A^ 
take off the distance A — h (Fig. 173) and set it off from A to 
b on (Fig. 174), and through b erect a perpendicular to A — ac, 
marking the point where this perpendicular cuts the parallel 
drawn through the point 3, and bringing the edge A- — of 
the strip of paper on this point, we can obtain as before the 
distances to be set off from i towards A (Fig. 178) to obtaiii 
the required references. 
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iyO.WENTlONAL METHODS OF REPRESENTING THE NaTUBIL 

AND Artificial Features of a Locality. 

For the purposes of an engineer, or for the information of 
a peraon acquainted with the method, that of representing 
the surface of 'the ground by the projections of equidistant 
horizontal curves is nearly all that is requisite ; but to aid 
persons in general to distinguish clearly and readily the 
various features of a locality, certain conventional means are 
employed to express natural features as well as artificial 
objects, which are termed topographical signs. 

Slopes of ground. The line of the slope, o dedivity of the 
surface at any given point between any two equidistant 
horizontal curves, it has been shown is measured along a 
right line drawn from the upper to the lower curve, and 
perpendicular to the tangent to the upper curve at the given 
point. This slope may be estimated either by the number 
of degrees in the angle contained between the line of declivity 
and a horizontal line, in the usual way of measuring such 
angles; or it may be expressed by the ratio between the 
perpendicular and base of a right angle triangle, the vertical 
distance between the equidistant horizontal curves being the 
perpendicular, and the projection of the line of declivity the 
base. If for example the line of declivity of which a — b 
(Fig. 172) is the projection makes an angle of 46° with the 
horizontal plane, then the vertical distance between the 
points a and b on the two curves will be equal to a— b, and 
the ratio between the perpendicular and base of the righv 
angle triangle, by which the declivity in this case is esti- 
mated is -r^ — » si^ce the equidistant curves are taken one 
* ah 1 

unit apart. 

As a general rule all slopes greater than 45° or j are 
regarded as too precipitous to be expressed by horizontal 
equidistant curves, the most that is done to represent them 
is to draw when practicable the top and bottom lines of the 
surface. In like manner all slopes less than 0®..53'..48" 
Of Vj *^re regarded as if the surface were horizontal; stiL 
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upon such slopes the horizontal curves may when leqnisit* 
be put in; but nothing further is added to express the 
declivity of the surface. 

Line^ of declivity^ dec. The lines used in t(>]K)graphical 
drawing to picture to the eye the undulations of the ground, 
and which are drawn in the direction of the lines of declivity 
of the surface, serve a double purpose, that of a popular 
representation or* the object expressed, and with which most 
intelligent persons are conversant, and that of giving the 
means, when they are drawn in accordance to some system 
agreed upon, of estimating the declivities which they figure, 
with all the accuracy required in many practical purposes 
for which accurate maps are consulted by the engineer or 
others. 

As the horizontal curves when accompanied by their 
references to some plane of comparison are of themselve? 
amply sufficient to give nn accurate configuration of t)ie 
surface represented, it is not necessary to place on such 
drawings the lines used on general maps, and which to a 
certain extent replace the horizontal curves. The lines of 
declivity in question will therefore be confined to maps on a 
somewhat small scale, in which horizontal curves are not 
resorted to with any great precision, although they may have 
been used to some extent as a general guide in constructing 
the outlines of the map, such for example as from one inch 
to 100 feet, or i-jVt> and upwards as far as such lines can 
serve any purpose of accuracy, say one inch to half a mile, or 

To represent therefore the form and declivities of all 
slopes, from | to ^V inclusive, in maps on these and inter- 
mediate scales, the following rules may be followed for pro 
portioning the breadth and the length of the lines ol 
declivity, and the blank spaces between them. 

\st. The distance between tfie centre lines of the lines of declivity 
ihall he 2 hundredths of an inch added to the \ of the denomi- 
nator of the fraction denoting the declivity expressed in hunr 
dredths of an inch. 

Thus for example in the declivity denoted g*^ the rule 
^ives (2 -f y ) = 18 hundredths of an inch for the distanoi 
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ipart of the lines. In the declivity of \ we obtain (2 4 i) 
= 24 hundredths of an inch. 

2d. The lines should be the heavier as they are nearer to 
each other, or as the declivity expressed by them is the 
steeper. For the most gentle slope so expressed, that of ^Vj 
the lines should be fine, for those of j , or steeper, their breadth 
should be IJ hundredths of an inch. 

This rule will make the blank space between the heavy 
strokes equal to half the breadth of the stroke. 

8d. No absolute rules can be laid down with respect to the 
lengths of the strokes, these will depend upon the scale of the 
drawing, the skill of the draftsman, and the form of the surface 
to be defined by them. K we take for example the scale of 
ji^ or one inch to 50 feet, and suppose the horizontal curves 
to be put in at one foot apart vertically, which on the draw- 
ing corresponds to yV ^^ 2 hundredths of an inch, the distance 
between these curves on slopes of | would be 2 hundredths 
of an inch, whilst on a slope of j\, the curves would be 
2 X 64 = 128 hundredths, or 1.28 in., nearly an inch and 
one third apart. In the first case therefore if the strokes 
were limited between the two curves of each zone they would 
be only 2 hundredths of an inch long, whilst in the second, 
if a like limit were prescribed, they would be an inch and a 
third in length ; both of which would be inconvenient to the 
draftsman, and would present an awkward appearance, par- 
ticularly the latter, on the drawing. To obviate this difficulty 
then it has been found well, on gentle slopes, to limit the 
length of the stroke to about 6 tenths of an inch, and in 
steep slopes to adopt strokes of the length from 8 to 16 hun- 
dredths of an inch. 

These limits will require on steep slopes to certain scales 
that the strokes shall embrace the zones comprised between 
three or more horizontal curves, whilst on gentle slopes to 
some scales it will be necessary to divide up the zone com- 
prised by two curves into two or more by intermediate curves 
in pencil, so as to obtain auxiliary zones of convenient 
breadth for the draftsman between which the strokes are put 
In, according to the 1st and 2d rules, the strokes of one 
auxiliary zone not running into those of the other. 
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PrtBdiecd applications. Suppose on a zone between ihA 
curves (2.0) and (3.0) that the distance between the points t 
and /is 1.2 in., or 120 hundredths of an inch, it would be 
necessary according to the 3d rule to divide this zone into at 
least two by one auxiliary curve. Let us suppose it to be 
divided into four parts by three auxiliary curves x — a:, y — y^ 
z — z put in according to what has been already laid down. 
Uaving done this calculate by rule 1st the distance occupied 
along this curve by 5 strokes or lines of declivity. Supposing 
the slope to be ^y, the rule would give (2 + V) = ^7 
hundredths of an inch for the distance apart of two strokes ; 
and for five it would give 4 x 17 = 68 hundredths. Take 
now a strip of paper and set off on its edge 68 hundredths of 
an inch, which divide into four equal parts ; then apply this 
edge to the curve z — z and set off from o to p the dots for the 
five strokes ; do the same for the curves y — y^ and x — a;, and 
through the points thus set off draw the strokes normal to 
the curve along which they are set off. 

Where the curves approach nearer to each other, and are 
less than 6 tenths of an inch apart and over 4 tenths, as at 
rf — c, it will be well to draw an intermediate line as m — n 
along which the strokes will be set off, and to which they 
will be drawn perpendicularly. 

Lines of declivity put in accurately in this manner, in 
groups of five, from distance to distance between the hori- 
zontal curves, will serve to guide the hand, in judging by 
the eye the positions of the intermediate lines between the 
groups ; the spaces gradually contracting, or widening, as the 
slope, as shown by the positions of the horizontal curves, 
becomes steeper, or more gentle. 

Scah of spaces. When the spaces between the lines of 
declivity have been carefully put in according to th« pre- 
ceding system, they will serve to determine the declivity at 
any point; and a scale of spaces, corresponding to the 
declivities, ought to be put down on the drawing, in like 
manner as we put down a scale for ascertaining horizontal 
distances. The following method may be taken to construct 
this scale. On a right line estimating from the point A 
(PL XIX. Fig. 175) set off 64 equal parts to B, each part 
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being equal say to ^Vj o*" A of an inch. Number the point* 
of division from o at -4, to 84 at B, Construct perpendiculars 
to the right line at A and B, and on the one at A set off a 
distance to C corresponding to four spaces of the lines of 
declivity for the slope of |, and at B for spaces to D for the 
slope of yV« D^aw a right line C — D through the points 
thus set off. Through each of the equal divisions on A — B^ 
or through every fifth one, draw lines parallel to the two 
perpendiculars; each of these lines, intercepted between 
A — B and C — 2?, will represent four spaces, corresponding 
to the slope marked at the points on A — B. 

To find the declivity of a zone between two horizontal 
curves, at any point, from the scale, we take off in the 
divide i-a the distance of four spaces of the lines of declivity 
at the point, then place the points of the dividers on the lines 
A — /jand G — i> so that the line drawn between the points 
will be perpendicular to A — J?, the corresponding number on 
A — B will give the slope. Suppose for example the points 
of the dividers when placed embrace the points m and n, 
the corresponding number on A — B being about 34 g'ves 3*4 
for the- required slope. 

Surfaces of water. (PL XX. Fig. 176.) To represent water 
a series of wavy lines A^ A are drawn parallel to the shores. 
The lines near the shores are heavier and nearer toojether 
ihau those towards the middle of the surface. No definice 
rule can be laid down further than to make the lines finer 
and to increase the distance between them as they recede 
from the shore. When ilie banks are steep the slope is 
represented by heavy lines of declivity. The water line is a 
tolerably heavy line. 

If islands B occur in the water course, some pains must be 
taken in uniting the water lines around its shores with the 
others. 

/SfeoTW. Sandy shelving shores G are represented by fine 
dots uniformly spread over the part they occupy on the 
drawing. The dots are strewn the more thickly as the shore 
is steeper. 

Gravelly shores are represented by a mixture of fine and 
noarse dots. 
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Meadows. These are represented ^ by systems of veij 
short fine lines placed in fan shape, so as .to give the idea of 
tufts of grass. The tufts should be put in uniformly, 
parallel to the lower border of the drawing, so as to produce 
a uniform tint 

Marshy ground. This feature F^ F is represented by a 
combination of water and grass, as in the last case. The 
lines for the water surfaces are made straight, and varied in 
depth of tint, giving the idea of still water with reflections 
from its surface. 

2'rees. Single trees /, / are represented either by a tuft 
resembling the foliage of a bush, with its shadow, a small 
circle, or a black dot, according to the scale of the drawing 
Evergreens may be distinguished from other trees by tufts 
of fine short lines disposed in star shape. Forests O are 
represented by a collection of tufts, small circles, and points, 
so disposed as to cover the part uniformly. Brushwood B 
and clearings with undergrowth standing, with smaller and 
more sparse tufts, &c. Orchards as in 0. 

Bivuleis, ravines, Jtc. Small water-courses of this kind 
K, K and their banks are represented by the shore lines 
or bank slopes, when the scale of the drawing is large 
enough to give the breadth of the stream. The lines gra- 
dually diverging, or else made farther apart below the 
junction of each affluent. On small scales a single line 
is used, which is gradually increased in heaviness below 
each affluent. 

Rocks. This feature L is expressed by lines of more or 
less irregularity of shape, so disposed as to give an idea of 
rocky fragments interspersed over the surface, and connected 
by lines with the other portions intended to represent the 
mass of whole rock. 

Artificial objects. The above are the chief natural features 
represented conventionally. The principal conventional 
signs for artificial objects will be best gathered from Plates 
XIX. and XX. 

In most works for elementary instruction, and in the 
systems of topographical signs adopted in public services, 
idmost every natural and artificial feature has its representa 
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tive eign. . ^ The copying of these ia good practice for the 
pupil , but for actual service those signs alone which desig- 
nate olgects of a somewhat permanent character are strictly 
requisite; as in culture, for example, rice fields may be 
expressed by a sign, as they, for the most part, retain for a 
long time this destination ; whereas the ploughed field of the 
Spring is in grain in Summer and barren in Winter ; and the 
field of Indian corn of this year is in wheat the next, &c.,. 
&c. • 

Ptdctical methods. Finished topographical drawings form 
a part of the office work of the civil engineer, that require 
great time, skill, and care. For field duties he is obliged to 
resort to methods more expeditious in their results than 
those of the pen, and the use of the lead pencil furnishes one 
of the best. The draftsman should therefore accustom him- 
self to sketch in ground by the eye, and endeavor to give to 
his sketch at once, without repeated erasures and interlinea- 
tion, the final finish that it should receive to subserve his 
purposes. Hill slopes, horizontal curves, water, &c., &c., 
may be sketched in- either by lines, according to rules 
already laid down, or else by uniform tints obtained by 
rubbing the pencil over the paper until a tint is obtained of 
such intensity as to represent the general effect of lines of 
declivity of varying grade, water lines, &c. The pencil used 
for this purpose should be very black and moderately hard, 
BO as to obtain tints of any depth, from deep black to the 
lightest shade which will not be easily effiEiced. The effects 
that may be produced in this manner are very good, and 
considerable durability may be given to the drawing by 
pasting the paper on a coarse cotton cloth, and then wetting 
the surface of the drawing with a mixture of milk and watei 
half and half Every draftsman will do well to exercise 
himself at this work in the office until he finds he can 
imitate any given ground by tints. 

Colored Topography. The use of colors in topography it 
an effective and rapid method of indicating the features of 
land, and one largely employed. 

The colors used are indigo, Hooker's green, No. 2^ yellow 
ochi*e, burnt sienna, carmine, gamboge, and sepia. 
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Water (a PL XXYIIL) k indicated bj a flat tint of «m^, 
it ia diaded oat from the •hore-line, when there is one. 
Ortu»4and (b PL XXYUL) U mdicated bj a flat tint o< 

Sandy roads, and streets {e PL XXYIIL) are indiemted bj 
• iat tint of yeUow ochre. 

BuUdi/ngs, bridges, and dU etruOures {fL FL XXVIIL) 
•re indicated by a tint of carmifie. 

BaHrootU {e. PL XXYIII.) are indicated by a dark line 
of eafrmine withont cro« lines. 

Cultivated land (/ PL XXVIIL) is indicated by a ilat 
tint of IrurtU siejina; sometimes parallel lines (y. PL XX VIU.) 
are ruled over tlie flat tint, using for the purpose either a 
darker tint id burnt siefina, green, or, more commonly, sepia. 

Unctdtivated land (A. PL XXYUL) is indicated by a 
double tint of burnt sienna and green. To lay a double tint, 
prepare the two tints in separate saucers, then using a brush 
for each tiut, carry one color for a short distance upon t)ie 
surface, and then eliangc for the other color and brush, lettii^g 
tlie colors join and blend of themselves ; alternate the tints 
in this way until the whole surface is covered. Avoid any 
regularity in the mottled tint obtained. 

Uills (i. PL XXVIIL) are indicated by a tint of ^gna, the 
depth of the tint corresponding to the slcpe of the land, being 
darkest where the slope is greatest, and becoming lighter as 
the slope decreases. The sepia is laid over tlie land tints. 

Trees {k. PL XXVIIL). There f^re a number of steps to 
be followed in indicating trees. Ib^, lay the land tint ; 2d, 
pencil in fine lines the outlines of the ii ees ; 3d, tint them with 
green, making the lower right-band pail the darkest ; 4th, 
touch up the trees with gamJboge upon the light side (the 
upper left-hand) ; 5th, add the sliadows of the trees with sepia 

Marshy ground (Z. PI . XXVIIL) is indicated by water and 
grass land so arranged that the position of the patches of laud 
shall be horizontal; draw a shade line of sepia along the 
lower edges of the land. 

lAght is supposed to come from the upper left-hand oomer 
of the drawing ; hills are shaded without any reference to the 
direction of light ; only the shadows of such objects as houses, 
trees, etc., are represented ; sepia is used for shadows. 
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For the method of preparing and using tints, see the chap- 
ter on tinting. 

When making a colored plate, firat pencil everj'thing, then lay 
the flat tints, then touch up the ti'ees, then the hills and shadows 

The division lines between fields and all outlines are ruled 
with 8^na. 

For pen drawings the draftsman should always have at 
hand a good supply of pens made of the best quills, with neba 
of various sizes to suit lines of various grades, for slopes, &c. 
His ink should be of the best, and of a decided tint when laid 
:n ; deep black, red, green, &c. 

The breadth of lines adopted for different objects must 
depend upon the importance of the object, and the magnitude 
of the scale to which the drawing is made. In drawings to 
small scales lines of not more than two breadths can be used, 
as the fine and medium. For those to larger scales, three 
sizes of lines may be introduced, the fine, medium, and 
heavy. 

Similar remarks may be made on lettering and the size, 
&c., of borders. To letter well requires much practice from 
good models. The draftsman should be able to sketch in by 
the eye letters of every character and size without resorting 
to rulers or dividers ; until he can do this, whatever pains he 
may take, his lettering will be stiff and ungainly. The size 
of the lettering will be dependent upon that of the drawing 
and the importance of the object. The character is an affair 
of good taste, and is best left to the skill and fancy of the 
draftsman ; for arbitrary rules cannot alone suffice, even were 
they ever rigorously attended to. 

As it is of some importance to obtain the best effects in 
drawings which demand so much time and labor as topo- 
graphical maps, it may be well to observe that, in pen or 
tine drawings, it is best to put in the letters before the lines 
Df declivity, water lines, &c. ; as it is less difficult to put in 
the lines without disfiguring the letters than to make clean 
and well defined letters over the lines. 

Tne border of the drawing, like the lettering, is frequently 
a fancy composition of the draftsman. It most generally 
consists of a light line on the interior and a heavy one on the 
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TABLE OF SCALES. 



F— po i T i oii OP THE Scale 



AppLICATIOH of the 8CA1.B. 



1 1 inch to I an incu, 

f. 

i 1 inch to 1 inch, 

f 



1 inch to 6 inches, 
1 inch to 1 foot, 

A. 

1 inch to 2 feet, 

A- 



1 inch to 5 feet, 

1 inch to 10 feet, 

8 1 inch to 50 feet, 
12 inches to 200 yards, 

9 1 inch to 220 feet, 
24 inches to 1 mile, 

10 1 inch to 440 feet, 
12 inches to 1 mile. 

1 1 1 inch to 880 feet, 
6 inches to 1 mile, 

12 1 inch to 1320 feet, 
4 inches to 1 mile, 

18 1 inch to 2640 feet 
2 inches to 1 mile, 

14 1 inch to 6280 feet, 
1 inch to 1 mile, 

15 1 inch to 10560 feet 
^ an inch to 1 mile, 



Details of surveying instruments, Ac , 
when great accuracy is required. 

All models for masons, carpenters, 
drc. ; and for the drawings of small 
objects requiring the details accu- 
rately. 

Machines and tools of small dimen- 
sions, as the jack, axes, saws, &c,\ 
hangings of gates, dbc, &c. 

Machines of mean size, as capstans, 
windlasses, vehicles of transporta- 
tion, ^c. 

Large machines, as pile engines, 
pumps, &c; details of arrange- 
ment of stone masonry, of car- 
pentry, <fec 

Canal lock, scaffoldings, separate 
drawings of light-houses, buildingb 
of various kinds. 

General plans of buildings wherc: 
minute details are not put down. 

Sections and profiles of roads, canals, 
&c. Maps of ground with hori- 
zontal curves one foot apart 

Topographical maps comprising one 
mile and a half square, as important 
parts of anchorages, harbors, <fec. 

Topographical maps embracing three 
miles square. 

Topographical maps exceeding foni 
and within eight miles square. 

Topographical maps embracing nin« 
miles square* 

Maps not exceeding 24 miles square. 



Maps comprising 50 miles square. 



Maps comprising 100 miles sqvue. 
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different scale. The most simple^ and at the sune time the 
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the ere^ when it is well traineii^ h€>w the diflferent objects on 
tiie original lie with respect to the sides of the squares oo it; 
to be enahlt^dr by die haad^ to put then in pencil on iSbm 
bfadk sfaeeL A^r roogfalj potting in the ontline work \% 
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this way, the corrections of inaccuracies can be afterward3 
readily eftected. All the outline having been completed in 
pencil, the labor of the pen is commenced, and the details^ 
as lines of declivity, conventional signs, &c., are pnt in by it 
alone. 



THE END 



SHORT-TITLE CATALOGUE 

OF THE 

PUBLICATIONS 

JOHN WILEY & SONS, Inc. 

NEW YORK 

London: CHAPMAN & HALL, Limited 
Montreal, Can.: RENDU F PUB. CO. 



ARRANGED UNDER SUBJECTS 

Descriptive circulars sent on application. Books marked with an asterisk (*) are 
8old at net prices only. All books are bound in cloth unless otherwise stated. 



AGRICULTURE— HORTICULTURE— FORESTRY. 

Armsby — Principles of Animal Nutrition 8vo, $4 00 

BowBiiAN — Forest Physiography 8vo, *6 00 

Bryant — Hand Book of Logging (Ready, Fall ipiS) 

BuDD and Hansen — American Horticultural Manual: 

Part I. Propagation, Culture, and Improvement 12mo, 1 50 

Part II. Systematic Pomology 12mo, 1 50 

Elliott — Engineering for Land Drainage 12mo, 2 00 

Practical Farm Drainage. (Second Edition, Rewritten) 12mo, 1 50 

Fuller — Domestic Water Supplies for the Farm 8vo, *1 50 

Graham — Text-book on Poultry (In Preparation.) 

Manual on Poultry (Loose Leaf Lab. Manual) (In Preparation.) 

Graves — Forest Mensuration 8vo, 4 00 

Principles of Handling Woodlands Small Svo, *1 50 

Green — Principles of American Forestry 12mo, 1 50 

Grotenfelt — Principles of Modern Dairy Practice. • (WoLL.) 12mo. 2 00 

Hawley and Hawes — Forestry in New England Svo, *3 50 

Herrick — Denatured or Industrial Alcohol Svo, *4 00 

Howe — Agricultural Drafting oblong quarto, *1 25 

Reference and Problem Sheets to accompany Agricultural Drafting, each *0 20 
Keitt — Agricultural Chemistry Text-book (In Preparation.) 

Laboratory and Field Exercises in Agricultural Chemistry 

(In Preparation.) 
Kemp and Waugh — Landscape Gardening. (New Edition, Rewritten).. 12mo, *1 50 
Larsen — Exercises in Dairying (Loose Leaf Field Manual) 4to, paper, *1 00 

Single Exercises each *0 02 

and White — Dairy Technology Small Svo, *1 50 

Levison — Studies of Trees, Loose Leaf Field Manual, 4to, pamphlet form, 

Price from 5-10 cents net, each, according to number of pages. 
McCall — Crops and Soils (Loose Leaf Field Manual) (In Preparation.) 

Soils (Text-book) (In Preparation.) 

McKay and Larsen — Principles and Practice of Butter-making Svo, *1 50 

Maynard — Landscape Gardening as Applied to Home Decoration . . . 12mo. 1 50 

Moon and Brown — Elements of Forestry (In Preparation.) 

Record — Identification of the Economic Woods of the United States.. .8vo, ♦! 25 
Recknagel — Theory and Practice of Working Plans (Forest Organi- 
sation) Svo. *2 00 
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'Wilson — Air Conditioning 12mo, $1 60 

Worcester and Atkinson — Small Hospitals. Establishment and Mainte- 
nance, Suggestions for Hospital Architecture, with Plans for a Small 
Hospital 12mo, 1 26 



ASSAYING. 

Betts — Lead Refining by Electrolysis 8vo, 4 00 

Fletcher — Practical Instructions in Quantitative Assaying with the Blow- 
pipe 16mo. mor., 

Purman and Pardoe — Manual of Practical Assaying 8vo, 

Lodge — Notes on Assaying and Metallurgical Laboratory Experiments . 8vo. 

Low — Technical Methods of Ore Analysis 8vo, 

Miller — Cyanide Process 12mo, 

Manual of Assaying 12mo. 

MiNET — Production of Aluminum and its Industrial Use. (Waldo).. 12mo, 
Price and Meade — The Technical Analysis of Brass and the Non-Ferrous 

Alloys 12mo, 

RiCKETTS and Miller — Notes on Assaying 8vo, 

ROBINE and Lenglen — Cyanide Industry. (Le Clerc.) 8vo, 

Sbamon — Manual for Assayers and Chemists Small 8vo, 

Ulke — Modern Electrolytic Copper Refining 8vo; 

Wilson — ^^Cyanide Processes 12mo, 



ASTRONOMY. 

CoMSTOCK— ^Field Astronomy for Engineers 8vo, 2 60 

Craig — Azimuth 4to, 3 50 

Crandall — Text-book on Geodesy and Least Squares ', 8vo, 3 00 

Doolittle — Treatise on Practical Astronomy 8vo, 4 00 

Hayford — Text-book ©f Geodetic Astronomy 8vo, 3 00 

HosMER — Azimuth 16mo, mor., 1 00 

Text-book on Practical Astronomy 8vo, *2 00 

Merriman — Elements of Precise Surveying and Geodesy 8vo, 2 50 

MiCHiE and Harlow — Practical Astronomy 8vo, *3 00 

Rust — Ex-meridian Altitude, Azimuth and Star- Finding Tables 8vo, 5 00 

White — Elements of Theoretical and Descriptive Astronomy 12mo, *2 00 



BIOLOGY. 

CoHNHEiM — Enzymes 12mo, *1 60 

Davenport — Statistical Methods with Special Reference to Biological 

Variation 16mo, mor., 1 60 

Effront and Prescott — Enzymes and Their Applications 8vo, 3 00 

EuLER and Pope — General Chemistry of the Enzymes 8vo, *3 00 

Mast — Light and Behavior of Organisms 8vo, *2 50 

Prescott and Winsldw — Elements of Water Bacteriology, with Special 

Reference to Sanitary Water Analysis. Third Edition, Rewritten. 

Small 8vo. *1 76 

Ward and Whipple — Freshwater Biology (/n Press.) 

Whipple — The Microscopy of Drinking Water 8vo, 3 60 

Winslow — The Systematic Relationship of the Coccacese Small 8vo, 2 60 



CHEMISTRY. 

Abderhalden — Physiological Chemistry in Thirty Lectures. (Hall and 

Defren) 8vo, *6 00 

Abegg — Theory of Electrolytic Dissociation. (voN Ende.) 12mo, *! 25 

Alexeyeff — General Principles of Organic Syntheses. (Matthews.).. 8vo, 3 00 

3 



Ki;i>r>f MAN- •InoMnpatibilities in Prescriptions Svo 

Why* in Pharmacy 12mo 

HiJUU Kl«m«nt« of Metallography. (Mathewson.) Svo 

Kauin InrluHtrial and Artistic Technology of Paint and Varnish 8vo 

Kai.kowski Physiological and Pathological Chemistry. (Orndorff.). . .8vo 
Ki'ifiMPf 'ICsKentials of Volumetric Analysis Small Svo 

Miitiii.'U of Volumetric Analysis Svo 

(juulitnlive Chemical Analysis Svo 

KkAMoN Manual for Assayers and Chemists Small Svo 

Smi Ml Lfclure Notes on Chemistry for Dental Students Svo 

Si'KNt KH Handbook for Cane Sugar Manufacturers 16mo, mor. 

llaudlxMik for Chumists of Beet-sugar Houses 16mo, mor. 

StiK'KiiHiDcJK- -Rocks and Soils Svo 

StoNK Practical Testing of (Vas and (»as Meters Svo 

Til. I. MAN Descriptive General Chemistry Svo 

KU'incntary Lessons in Heat Svo 

Trkadwki.l — Qualitative Analysis. (Hall.) Svo 

Quantitative Analysis. (Hall.) Svo 

TrRNKAiJRE and Russell — Public Water-supplies Svo 

Vknablk — Methods and Devices for Bacterial Treatment of Sewage. . ,Svo 

Ward and Whipple — Freshwater Biology (/n Press.) 

Ware — Beet-sugar Manufacture and Reftning. Vol. I Svo 

Vol. II Svo 

Washi.sgton — Manual of the Chemical Analysis of Rocks Svo 

Weaver — Military Explosives Svo 

Wells — Laboratory Guide in Qualitative Chemical Analysis Svo 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 
Students 12mo 

Text-book of Chemical Arithmetic 12mo 

Whipple — Microscopy of Drinking-water Svo 

Wilson — Cyanide Processes 12mo 

WiNTON — Microscopy of Vegetable Foods Svo 

ZsiGMONDY — Colloids and the Ultramicroscope. (Alexander.) 

Small Svo, 
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CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEER- 
ING. RAILWAY ENGINEERING. 



American Civil Engineers' Pocket Book. (Mansfield Merriman. 

Editor-in-chief.) 16mo, mor., *5 00 

Baker — Engineers' Surveying Instruments 12mo, 3 (X) 

BiXBY — Graphical Computing Table Paper 19 J X24i inches, 25 

Breed and Hosmer — Principles and Practice of Surveying. 

Vol. I. Elementary Surveying Svo, 3 

Vol. II. Higher Surveying Svo, 2 

Burr — Ancient and Modern Engineering and the Isthmian Canal Svo, *3 50 

CoMSTOCK — Field Astronomy for Engineers Svo, 2 50 

Corthell — Allowable Pressure on Deep Foundations 12mo, 

Crandall — Text-book on (ieodesy and Least Squares Svo, 

Davis — Elevation and Stadia Tables Svo, 

Elliott — Engineering for Land Drainage ^ 12mo, 

FiKBEGER — Treatise on Civil Engineering Svo, *5 00 

Flemkr — Phototopographic Methods and Instruments Svo, 5 00 

F()L\VKLL--S(*wer.'ige. (Designing and Maintenance.) Svo, 3 GO 

Frkita<; -Architectural Engineering Svo, 3 50 

IlAi'fii and Rick -Tables of Quantities for Preliminary Estimates. . . 12mo, *1 25 

Hayfoki) Text-book of (icodetic Astronomy Svo, 3 GO 

IIi-:rin(; Keaily Reference Tables (Conversion Factors.) lOmo, mor., 2 50 

IIkss ( Graphics and Structural Design Svo, *3 00 

IIosMKR Azimuth lOmo, mor., 1 00 

Text -book on Practical Astronomy Svo, *2 00 

HowK -Retaining Walls for Earth 12mo, 1 25 
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25 
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Ives — Adjustments of the Engineer's Transit and Level ,16mo, bds.,*|0 25 

and Hilts — Problems in Surveying, Railroad Surveying and Geod- 
esy 16mo, mor., 1 60 

Johnson (J. B.) and Smith — Theory and Practice of Surveying . Small 8vo, *3 60 

(L. J.) — Statics by Algebraic and Graphic Methods 8vo, 2 00 

KiNNicuTT, WiNSLow and Pratt — Sewage Disposal 8vo, *3 00 

KiRBY — Elements of Specification Writing Svo, *1 25 

Mahan — Descriptive Geometry Svo, *1 50 

Merriman — Elements of Precise Surveying and Geodesy Svo, 2 60 

and Brooks — Handbook for Surveyors 16mo, mor., 2 00 

Nugent — Plane Surveying Svo, 3 50 

Ogden — Sewer Construction Svo, 3 00 

Sewer Design 12mo, 2 00 

and Cleveland — Practical Methods of Sewage Disposal for Resi- 
dences, Hotels, and Institutions Svo, *1 50 

Parsons — Disposal of Municipal Refuse Svo, 2 00 

Patton — Treatise on Civil Engineering Svo, half leather, 7 50 

Reed — Topographical Drawing and Sketching 4to, 5 00 

RiEMER — Shaft-sinking under Difficult Conditions. (Corning and Peele.) 

Svo, 3 00 

SiEBERT and Biggin — Modern Stone-cutting and Masonry Svo, 1 50 

Smith — Manual of Topographical Drawing. (McMillan.) Svo, 2 50 

SoPER — Air and Ventilation of Subways 12mo, 2 50 

Tracy — Exercises in Surveying 12mo, mor., *1 00 

Plane Surveying 16mo, mor., 3 00 

Venable — Garbage Crematories in America Svo, 2 00 

Methods and Devices for Bacterial Treatment of Sewage Svo, 3 00 

Wait — Engineering and Architectural Jurisprudence Svo, 6 00 

Sheep, 6 50 

Law of Ck>ntracts Svo, 3 OO 

Law of Operations Preliminary to Construction in Engineering and 

Architecture Svo, 5 00 

Sheep, '5 50 

Warren — Stereotomy — Problems in Stone-cutting Svo, 2 50 

Waterbury — Vest-Pocket Hand-book of Mathematics for Engineers. 

2f X5i inches, mor., *1 00 

Enlarged Edition, Including Tables mor., *1 50 

Webb — Problems in the Use and Adjustment of Engineering Instruments. 

16mo, mor., 1 20 
Wilson — Topographic, Trigonometric and Geodetic Surveying Svo, 3 65 



BRIDGES AND ROOFS. 

Bishop — Drafting Forms.* Loose Leaf Sheets, each *0 02 

Structural Details of Hip and Valley Rafters Oblong large Svo. *1 75 

Structural Drafting {In Press.) 

Boller — Practical Treatise on the Construction of Iron Highway Bridges 

Svo, 2 00 

Thames River Bridge Oblong paper, *5 00 

Burr — Suspension Bridges (Ready, Fall 1913) 

and Falk — Design and Construction of Metallic Bridges Svo, 5 00 

Influence Lines for Bridge and Roof Computations Svo, 3 00 

Du Bois — Mechanics of Engineering. Vol. II Small 4to, 10 00 

Foster — Treatise on Wooden Trestle Bridges. Fourth Edition .' .4to, *5 00 

Fowler — Ordinary Foundations Svo, 3 50 

Greene — Arches in Wood, Iron, and Stone Svo, 2 50 

Bridge Trusses Svo, 2 50 

Roof Trusses Svo, 1 25 

Grimm — Secondary Stresses in Bridge Trusses Svo, 2 50 

Heller — Stresses in Structures and the Accompanying Deformations, 

Svo, 3 00 

Howe — Design of Simple Roof-trusses in Wood and Steel Svo, 2 00 

Symmetrical Masonry Arches Svo, 2 50 

Treatise on Arches Svo, 4 00 
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Hudson — Deflections and Statically Indeterminate Stresses Small 4to,*' li 50 

Plate Girder Design 8vo, * i t,0 

Jacoby — Structural Details, or Elements of Design in Heavy Framing, 

8vo, *2 25 
Johnson, Bryan and Turneaure — Theory and Practice in the Designing of 
Modem Framed Structures. New Edition. 

Part I. Stresses in Simple Structures 8vo, *3 00 

Part II. Statically Indeterminate Structures and Secondary Stresses 

8vo. *4 00 
Merriman and Jacoby — Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo, 2 50 

Part II. Graphic Statics 8vo, 2 50 

Part III. Bridge Design 8vo, 2 50 

Part IV. Higher Structures 8vo, 2 50 

RiCKER — Design and Construction of Roofs 8vo, 6 00 

SoNDERiCKER — Graphic Statics, with Applications to Trusses, Beams, and 

Arches 8vo, *2 00 

Waddell — De Pontibus, Pocket-book for Bridge Engineers. . . . 16mo, mor., 2 00 
Specifications for Steel Bridges 12mo, *0 50 



HYDRAULICS. 

Barnes — Ice Formation 8vo, 3 00 

Bazin — Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 2 00 

BovEY — Treatise on Hydraulics 8vo, 5 00 

Church — Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to, paper, 1 50 

Hydraulic Motors 8vo, 2 00 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering) . .8vo, 3 00 

Coffin — Graphical Solution of Hydraulic Problems IGmo, mor., 2 50 

Flather — Dynamometers, and the Measurement of Power 12mo, 3 00 

FOLWELL — Water-supply Engineering 8vo, 4 00 

Frizell — Water-power 8vo, 5 00 

FuERTES — Water and Public Health 12mo, 1 50 

Fuller — Domestic Water Supplies for the Farm Svo, *! 50 

Ganguillet and Kutter — General Formula for the Uniform Flow of Water 

■ in Rivers and Other Channels. (Hering and Trautwine.).. .8vo, 4 00 
Hazen — Clean Water and How to Get It Small 8vo, 1 50 

Filtration of Public Water-supplies 8vo, 3 00 

Hazelhurst — Towers and Tanks for Water-works 8vo, 2 50 

Herschel — 115 Experiments on the Carrying Capacity of Large, Riveted, 

Metal Conduits 8vo, 2 00 

HoYT and Grover — River Discharge 8vo, 2 00 

Hubbard and Kiersted — Water-works Management and Maintenance, 8vo, 4 00 
Lyndon — Development and Electrical Distribution of Water Power.. 8vo, *3 00 
Mason — Water-supply. (Considered Principally from a Sanitary Stand- 
point.) 8vo, 4 00 

Merriman — Elements of Hydraulics 12mo, *1 00 

Treatise on Hydraulics. 9th Edition. Rewritten 8vo, *4 00 

MoLiTOR — Hydraulics of Rivers, Weirs and Sluices 8vo, *2 00 

Morrison and Brodie — High Masonry Dam Design 8vo, *1 50 

Rector — Underground Waters for Commercial Purposes 12mo, *1 00 

Schuyler — Reservoirs for Irrigation, Water-power, and Domestic Water 

supply. Second Edition, Revised and Enlarged Large Svo, 6 00 

Thomas and Watt — Improvement of Rivers. Second Edition, 2 Vols. 

4to, *7 50 

Turneaure and Russell — Public Water-supplies Svo, 5 00 

Wegmann — Design and Construction of Dams. 6th Ed., enlarged 4to, *6 00 

Water Supply of the City of New York from 1658 to 1895 4to, 10 00 

Whipple — Value of Pure Water Small Svo, 1 00 

White — Catskill Water Supply of New York City Svo, *6 00 

Williams and IIazen — Hydraulic Tables Svo, 1 50 

Wilson — Irrigation Engineering Svo, 4 00 

Wood — Turbines Svo, 2 50 
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MATERIALS OF ENGINEERING. 

Baker — Roads and Pavements 8vo, $5 00 

Treatise on Masonry Construction *vo, 6 00 

Black — United States Public Works Oblong 4to, 6 00 

Blanchard and Drowne — Highway Engineering, as Presented at the 

Second International Road Congress, Brussels. 1910 8vo, *2 00 

Text-book on Highway Engineering 8vo, *4 50 

Bottler — German and American Varnish Making. (Sabin.) . . . Small Svo, *3 60 

Burr — Elasticity and Resistance of the Materials of Engineering Svo, 7 50 

Byrne — Highway Construction Svo, 5 00 

Inspection of the Materials and Workmanship Employed in Construction. 

16mo, 3 00 
Church — Mechanics of Engineering Svo, § 00 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineer- 
ing) Svo, 4 60 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering) ,Svo, 3 00 
Du Bois — Mechanics of Engineering: 

Vol. I. Kinematics, Statics. Kinetics Small 4to, 7 50 

Vol. II. The Stresses in Framed Structures, Strength of Materials and . 

Theory of Flexures Small 4to, 10 00 

Eckel — Building Stones and Clays : Svo, *3 00 

Cements, Limes, and Plasters Svo, *6 00 

Fowler — Ordinary Foundations Svo, 3 50 

Fuller and Johnston — Applifed Mechanics: 

Vol. I. Theory of Statics and Kinetics (Ready, Fall 1913) 

Vol. II. Strength of Materials (In Preparation.) 

Greene — Structural Mechanics Svo, *2 50 

Hollev — Analysis of Paint and Varnish Products Small Svo, *2 50 

Lead and Zinc Pigments Small Svo, *3 00 

Hubbard — Dust Preventives and Road Binders Svo, *3 00 

Johnson — Materials of Construction Large Svo, 6 00 

Keep — Cast Iron Svo, 2 50 

King — Elements of the Mechanics of Materials and of Power of Transmis- 
sion Svo, *2 50 

Lanza — Applied Mechanics Svo, 7 50 

Lowe — Paints for Steel Structures 12mo, 1 00 

Maire — Modern Pigments and their Vehicles 12mo, 2 00 

Maukeh — Technical Mechanics Svo, 4 00 

Merrill — Stones for Building and Decoration Svo, 5 00 

Merriman — Mechanics of Materials Svo, 5 00 

Strength of Materials 12mo, *1 00 

Metcalf — Steel. A Manual for Steel-users 12mo, 2 00 

Mills — Materials for Construction (Jn Press.) 

Morrison — Highway Engineering Svo, 2 50 

Murdock — Strength of Materials . .• 12mo, *2 00 

Patton — Practical Treatise on Foundations Svo, 

Rice — Concrete Block Manufacture Svo, 

Richardson — Modern Asphalt Pavement Svo, 

Richey — Building Foreman's Pocket Book and Ready Reference . 16mo.mor., 

Cement Workers' and Plasterers' Edition (Building Mechanics' Ready 
Reference Series) 16mo, mor., *1 

Handbook for Superintendents of Construction 16mo, mor.. 

Stone and Brick Masons' Edition (Building Mechanics' Ready Reference 

Series) 16mo, mor.. 

RiES — Building Stones and Clay Products Svo. 

Clays: Their Occurrence, Properties, and Uses Svo, *5 00 

and Leighton — History of the Clay-working Industry of the United 

States Svo, ^2 50 

and Watson — Engineering Geology (In Press.) 

Sarin — Industrial and Artistic Technology of Paint and Varnish Svo, 3 00 

Smith — Strength of Material 12mo, *1 2r> 

Snow — Principal Species of Wood Svo, 3 50 

Spalding — Hydraulic Cement 12mo, 2 00 

Text-book on Road and Pavements 12mo, *2 00 

9 



5 


00 


2 


00 


3 


00 


5 00 


♦1 


50 


4 


00 


♦1 


50 


♦3 00 



Tatlok and Thompson — Concrete Costs Small 8vo,*S5 00 

Extracts on Reinforced Concrete Desigrn 8vo, *2 00 

Treatise on Concrete, Plain and Reinforced Svo, 5 00 

Thurston — Materials of Engineering. In Three Parts Svo. 8 00 

Part I. Non-metallic Materials of Engineering and Metallurgy. . .8vo, 2 00 

Part II. Iron and Steel Svo. 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo. 2 50 

TlLLSON — Street Pavements and Paving Materials Svo, *4 00 

TURNSAURE and Maurer — Principles of Reinforced Concrete Construction. 

Svo. 3 50 

Waterbury — Cement Laboratory Manual 12mo, 1 00 

Laboratory Manual for Testing Materials of Construction 12mo. *1 50 

Wood (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber Svo, 2 00 

(M. P.) — Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel Svo, 4 00 

RAILWAY ENGINEERING. 

Berg — Buildings and Structures of American Railroads 4to, 

3ROOiCS — Handbook of Street Railroad Location 16aio, mor., 

&URT — Railway Station Service 12mo, 

Butts — Civil Engineer's Field-book 16mo, mor.. 

Crandall — Railway and Other Earthwork Tables Svo. 

and Barnes — Railroad Surveying 16mo, mor., 

Crockett — Methods for Earthwork Computations Svo, 

Dredge — History of the Pennsylvania Railroad. (1S79) Paper, 

Pish — Earthwork Haul and Overhaul Svo, 

Fisher — Table of Cubic Yards Cardboard, 

Gilbert, Wigiitman and Saunders — Subways and Tunnels of New York. 

Svo, 
Godwin — Railroad Enaineers' Field-book and Explorers* Gui-fclCmo, mor., 
Hudson — Tables for Calculating the Cubic Contents of Excavations and 

Embankments Svo, 

JVBS and Hilts — Problems in Surveying, Railroad Surveying and Geodesy. 

16mo, mor., 

MOLITOR and Beard — Manual for Resident Engineers 16mo, 

Naglb — Field Manual for Railroad Engineers 16mo, mor., 

Orrock — Railroad Structures and Estimates Svo, 

Philbrick — Field Manual for Engineers 16mo, mor., 

Raymond — Elements of Railroad Engineering Svo, 

Railroad Engineer's Field Book (/» Preparation.) 

Railroad Field Geometry 16mo, mor., 

Roberts — Track Formulas and Tables 16mo. mor., 

Searles — Field Engineering 16mo, mor.. 

Railroad Spiral 16mo, mor., 

Taylor — Prismoidal Formulae and Earthwork '. Svo, 

Webb — Economics of Railroad Construction Small Svo, 

Railroad Construction 16mo, mor., 

Wellington — Economic Theory of the Location of Railways. . . . Small Svo, 
Wilson — Elements of Railroad-Track and Construction 12mo, 



DRAWING. 

Barr and Wood — Kinematics of Machinery Svo, 2 50 

Bartlett — Mechanical Drawing. Third Edition Svo, *3 00 

Abridgment of the Second Edition Svo, *1 50 

and Johnson — Engineering Descriptive Geometry Svo, *1 50 

Bishop — Drafting Forms. Loose Leaf Sheets, each ♦O 02 

Structural Details of Hip and Valley Rafters Oblong large Svo, ♦l 75 

StructurallDraf ting (In Press.) 

Blessing and Darling — Descriptive Geometry Svo, *1 50 

Elements of Drawing Svo, ♦l 50 
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CooLiDGB — Manual of Drawing 8vo, paijer, $1 00 

and Freeman — Elements of General Drafting for Mechanical Engineers 

Oblong 4to, 

DuRLEY — Kinematics of Machines 8vo, 

Emch — Introduction to Projective Geometry and its Application 8vo, 

French and Ives — Stereotomy ! . , 8vo, 

Hess — Graphics and Structural Design 8vo, 

Hill — Text-book on Shades and Shadows, and Perspective bvo, 

Howe — Agricultural Drafting oblong quarto, 

Reference and Problem Sheets to accompany Agricultural Drafting. 

each, 

Howe-Greenberg — Architectural Drafting Oblong 4to, 

James and Mackenzie — Working Drawings of Machinery. (.Ready Fall, 1913.) 

Jamison — Advanced Mechanical Drawing 8vo, 

Elements of Mechanical Drawing 8vo, 

Jones — Machine Design: 

Part I. Kinematics of Machinery 8vo, 

Part II. Form, Strength, and Proportions of Parts 8vo, 

Kimball and Barr — Machine Design 8vo, 

MacCord — Elements of Descriptive Geometry 8vo, 

Kinematics; or, Practical Mechanism 8vo, 

Mechanical Drawing 4to, 

Velocity Diagrams 8vo, 

McLeod — Descriptive Geometry Small 8vo, 

Mahan — Descriptive Geometry and Stone-cutting 8vo, 

Industrial Drawing. (Thompson.) 8vo, 

Mover — Descriptive Geometry 8vo, 

Reed — Topographical Drawing and Sketching 4to, 

Reid — Mechanical Drawing. (Elementary and Advanced.) 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Robinson — Principles of Mechanism 8vo, 

Schwamb and Merrill — Elements of Mechanism 8vo, 

Smith (A. W.) and Marx — Machine Design 8vo, 

(R. S.) — Manual of Topographical Drawing. (McMillan.) 8vo, 

Tits worth — Elements of Mechanical Drawing Oblong large 8vo, 

Tracy and North — Descriptive Geometry {In Press.) 

Warren — Elements of Descriptive Geometry, Shadows, and Perspective.8vo, 

Elements of Machine Construction and Drawing 8vo, 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo, 

General Problems of Shades and Shadows 8vo, 

Manual of Elementary Problems in the Linear Perspective of Forms and 

Shadows 12mo, 

Manual of Elementary Projection Drawing 12mo, 

Plane Problems in Elementary Geometry 12mo, 

Weisbach — Kinematics and Power of Transmission. (Herrmann and 

Klein.) 8vo, 

Wilson (H. M.) — Topographic, Trigonometric and Geodetic Surveying . 8vo, 

(V. T.) Descriptive Geometry 8vo, 

Free-hand Lettering 8vo, 

Free-hand Perspective 8vo, 

Woolf — Elementary Course in Descriptive Geometry Large 8vo, 



^ ELECTRICITY AND PHYSICS. 

Abegg — Theory of Electrolytic Dissociation, (von Ende.) 12mo, *^1 25 

Anthony and Ball — Lecture-notes on the Theory of Electrical Measure- 
ments 12mo, 1 00 

and Brackett — Text-book of Physics. (Magie.) ; . .Small 8vo, 3 00 

Benjamin — History of Electricity 8vo, 3 00 

Betts — Lead Refining and Electrolysis 8vo, 4 00 

Burgess and Le Chatelier — Measurement of High Temperatures. Third 

Edition 8vo, *4 00 

Cajlderwood — Wiring Exercises (Loose Leaf Lab. Manual). (/n Preparation.) 
Classen — Quantitative Analysis by Electrolysis. (Hall) 8vo, *2 50 
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Collins — Manual of Wireless Telegraphy and Telephony 12mo,*|l iSO 

CftBHORB and Squier — Polarizing Photo-chronograph 8vo, 3 00 

Dannbbl — Electrochemistry. (Merriam.) 12mo, *1 S5 

Dawson — ** Engineering " and Electric Traction Pocket-book. . 16mo, mor., 5 00 
DoLEZALBK — Theory of the Lead Accumulator (Storage Battery).* (voN 

Ende.) 12mo, 2 fiO 

DuHEM — Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Flather — Dynamometers, and the Measurement of Power 12mo, 3 00 

Getman — Introduction to Physical Science 12mo, *1 50 

Gilbert — De Magnete. (Mottklay.) 8vo, 2 SO 

Hanchett — Alternating Currents 12mo, *1 00 

Hering — Ready Reference Tables (Conversion Factors) 16mo, mor., 2 50 

Higbie — Electric Lighting and Distribution (/n Preparation.) 

HoBART and Ellis — High-speed Dynamo Electric Machinery Svo, *6 00 

HoLMAN — Precision of Measurements. 8vo, 2 00 

Telescope- Mirror-scale Method, Adjustments, and Tests. , . .Large Svo, 75 
Hutchinson — High-Efficiency Electrical lUuminants and Illumination. 

Small 8vo, *2 50 

Jones — Electric Ignition for Combustion Motors Svo, *4 00 

Karapetoff — Elementary Electrical Testing (Loose Leaf Lab. Manual) 

4 to, Paper, *0 50 

Single Exercises, each *0 02 

Experimental Electrical Engineering: 

Vol. I Svo, *3 50 

Vol. II Svo, *2 50 

KiNZBRUNNER — Testing of Continuous-current Machines Svo, 2 00 

Koch — Mgithematics of Applied Electricity Small Svo, *3 00 

Landauer — Spectrum Analysis. (Tingle.) Svo, 3 00 

Lauffer — Electrical Injuries 16mo, *0 50 

Resuscitation, from Electric and Traumatic Shock, etc 16mo, *0 40 

In lots of 100 Copies or more *0 30 

Lob — Electrochemistry of Organic Compounds. (Lorenz.) Svo, 3 00 

Lyndon — Development and Electrical Distribution of Water Power.. . .Svo, *3 00 
Lyons — Treatise on Electromagnetic Phenomena. Vols. I and II, Svo, each. *6 00 

Martin — Measurement of Induction Shocks 12mo, *1 25 

MiCHiE — Elements of Wave Motion Relating to Sound and Light Svo, *4 00 

Morecroft — Electrical Machinery. Text-book Small Svo, *1 50 

Morgan — Physical Chemistry for Electrical Engineers 12mo, *1 50 

NoRRis — Introduction to the Study of Electrical Engineering Svo, *2 50 

Parshall and Hobart — Electric Machine Design 4to, half mor., *12 50 

Reagan — Locomotives: Simple, Compound, and Electric Small Svo, 3 50 

RODENHAUSER and Schoenawa — Electric Furnaces in the Iron and Steel 

Industry (Vom Baur.) Svo, *3 50 

Rosenberg — Electrical Engineerim?. (Hai-o.vni; Cikk Kinzbrunner.) .Svo, *2 00 
Ryan — Design of Electrical Machinery: 

Vol. I. Direct Current Dynamos Svo, *1 60 

Vol. II. Alternating Current Transformers 8vo, *1 50 

Vol. III. Alternators, Synchronous Motors, and Rot.uy r)nverters.Sva, *1 50 
ScHAPPER — Laboratory Guide for Students in Physical ClK-niistry .... 12mo, 1 00 

Tillman — Elementary Lessons in Heat Svo, *1 50 

TiMBiE — Answers to Problems in Elements of Electricity iL'mo, Paper, *0 25 

Electrical Measurements, A. C. and D. C. (Loose Leaf Lah. Manual). 

tto. Paper, *0 85 

Single Exercises, each *0 02 

Elements of Electricity Small Svo, *2 00 

Essentials of Electricity 1 '2mo, *1 26 

Introduction to Industrial Electricity {In Preparation.) 

and Higbie — Alternating Currents {In Preparation.) 

Tory and Pitcher — Manual of Laboratory Physics Small svo, 2 00 

Ulke — Modern Electrolytic Copper Refining. . .' Svo, 3 00 

Waters — Commercial Dynamo Design Svo, *2 00 

LAW. 

Brennan — Hand-book of Useful' Legal Information for Business Men. 

16mo, mor., ♦s' 00 
Davis — Elements of Law Svo, *2 50 
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Davis — Treatise on the Military Law of United States 8vo,*$7 00 

Dudley — Military Law and the Procedure of Courts-martial. . .Small 8vo, *2 60 

Manual for Courts Martial 16mo, mor., 1 50 

Wait — Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Contracts Svo, 3 00 

Law of Operations Preliminary to Construction in Engfineering and 

Architecture Svo, 5 00 

Sheep, 5 50 



MATHEMATICS. 

Baker — Elliptic Functions Svo, 1 50 

Briggs — Elements of Plane Analytic Geometry. (B6cher.) 12mo, 1 00 

Buchanan — Plane and Spherical Trigonometry Svo, *1 00 

Burnham — Mechanics for Machinists (In Preparation.) 

Shop Mathematics for Machinists {In Preparation.) 

Bverly — Harmonic Functions Svo, 1 00 

Carmicuael — Relativity Svo, 1 00 

Chandler — Elements of the Infinitesimal Calculus 12mo, 2 00 

Coffin — Vector Analysis 12mo, *2 50 

CoMPTON — Manual of Logarithmic Computations 12mo, 1 50 

Dickson — College Algebra Small Svo, *1 50 

Elementary Theory of Equations (/n Preparation.) 

Introduction to the Theory of Algebraic Equations Small Svo, *1 25 

Emch — Introduction to Projective Geometry and its Application Svo, 2 50 

FiSKE — Functions of a Complex Variable Svo, 1 00 

Halsted — Elementary Synthetic Geometry Svo, 1 50 

Elements of Geometry Svo, 1 75 

Rational Geometry '. 12mo, *1 50 

Synthetic Projective Geometry Svo, 1 00 

Hancock — Lectures on the Theory of Elliptic Functions Svo, *5 00 

Hyde — Grassmann's Space Analysis Svo, 1 00 

Johnson (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, *0 15 

100 copies. *o 00 
Mounted on heavy cardboard, S XIO inches, *0 25 

10 copies, *2 (X) 
(W. W.) Abridged Editions of Differential and Integral Calculus. 

Small Svo, 1 vol., 2 50 

Curve Tracing in Cartesian Co-ordinates 12mo, 1 00 

Differential Equations Svo, 1 00 

Elementary Treatise on Differential Calculus Small Svo, 1 50 

Elementary Treatise on the Integral Calctilus Small Svo, 1 50 

Theoretical Mechanics 12mo, *3 00 

Theory of Errors and the Method of Least Squares 12mo, 1 50 

Treatise on Differential Calculus . . . . ; Small Svo, 3 00 

Treatise on the Integral Calculus Small Svo, 3 00 

Treatise on Ordinary and Partial Differential Equations. . . .Small Svo, 3 50 
Karapetoff — Engineering Applications of Higher Mathematics: 

Part I. Problems on Machine Design Small Svo, *0 75 

Koch — Mathematics of Applied Electricity Small Svo, *3 00 

Laplace — Philosophical Essay on Probabilities. (Truscott and Emory.) 

12mo, 2 00 
Le Messurier — Key to Professor W. W. Johnson's Differential Equations. 

Small Svo. *1 75 

Ludlow — Logarithmic and Trigonometric Tables Svo, *1 00 

and Bass — Elements of Trigonometry and Logarithmic and Other 

Tables Svo, ^3 00 

Trigonometry and Tables published separately Each. *2 00 

Macfarlane — Vector Analysis and Quavcrnions Svo, 1 00 

McMahon — Hyperbolic Functions Svo. 1 00 

Manning — Irrational Numbers and their Representation by Sequences and 

Series 12mo. 1 25 

Marsh — Industrial Mathematics Small Svo, *2 00 

Technical Algebra. Part I {Ready, Fall 1913) 
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aoTTLKt — GfirouBL atid Anrwrran Vaniait yatrng. Sasxs. Small 9vig.*S3 30 

Brraa — Sagricrrr and. Rssarasce cc "liie Mirer ;i.h -^c EmjTnwKrrnir. '^tt:. T .10 

C.iirar.a — MitrJxanica -jt Ea«ineeris:i *-7^. •> i)0 

MrtT.hanin jC Sciiiis Hating Paris I. 11. Ill tc Maerramfs zf ^-n^^-y^^^-^ir . 

Frxi.aa lari Joic^stot* — ^Aj^Lied M-iciiaaica: 

V-J. I. Thecrr if 5cac:c3 acni SZireTiit'.s • JSUady Fail =0:3 

"■^i. 11. StPKiijta. ^c 3i£jk::«r:al3 . . Tx F^-tpiruujn. 

Gazsmz — ^ni:t:arai M-jciianics. . . *tc. •2 .W 

HiiLi-a-r — AnalyuH -f Pair:- ami Virniac. Pr-.ti-^c-^ Small '♦Tn. *2 "i*) 

L«aii and Zinc Fjj:=ien"is Small *-r':. *:j iW 

JoBCfHO-.* C. M. — SLxjiii M*rhfids f:r -lie ■T'reniical AaalT-HS if Special 

Stiift«. Scain-=iai:ni{ Allr.T^ m-i Orachrtc Small '^'xc. -1 '10 

J. 3. MariK-.ali -.f C-^nsZT-i^izit-.n ^^rn, <i yj/Q 

Csa? — Ciit Ir-.c ^vo. 2 -10 

BCiSK^< — Slemen-i -f -he M-schar-.^T -f IfiTir:.!^ mi :f ?:-v-r :f Tran*- 

TTI'Wictl 

La^vza — A^^iied M-tchanics 
Lawh. — Pain-i f--r ScisisL Siriii-^sr-s 
HAnia — M.-j>'jsm Pii?mentJ and -neir V-hazLes 
SiCjkATr:* — Ttxr;-3«v:tc -f M -a: names: 
V-X E. Svara-ji 

V^L EI, JLJnernAzrua and 3tineTlc3 
^'A. III. M-*;:hanica -f UazAriali 
V-.L IV. Ajpbftd 5<:a:ai«» . . 

VAr:aKa — T-schmca: M-tcham^-.a 
StCKaancA.^* — M«=An:« jf Materials 

S":r»niita '^f Materials 
Mrrcu;.^ — SneeL A Mannal f -r Steei-iaer^ 
Max* — Mi::«ial« -c 'Tonarrrmrii'in. 
M'.Tisrici — 5r.r-nir:H -f Miter-.als 

SaAC."* — Ind-ir:ral and Artist:-: T-^.ihn'-.L.:!?-/ :t Pa^nt ami Vamiah, 
SaCTH A. ir. — Ma.ter-.al} -.t Ma*:'=ine-5 

H. E. — 5«:r»a?tri -^f Mater-jal 
Ta^rasTO!* — Mat^rtald jf Enjpneer.nji 

Part I. ^t-in-nsetaZic MaceruLa ^f E=jpne-:r--nis 

Part IE. Ir-jc. and Sceei 

Part III. A Trta-tae r.n Braasea. 3r:n2iM. mi Itner .0:71 anif th«ir 

C :=Jtiti-ntJ ^i^. 2 30 

WaTcaar.'aT — ljttoras.jrT Mannal ::r T^tm;^ Mir:.ir-_il: :f C:nsi:r:ii:i:':n_ 

I±=:. •! .50 
W^XJD D« V. — EIen»n-J -.f AnalTtital M*:han:.: : >-r: . 3 '» 

-.n tbft P-^suitanji:* :f Matenala and m At-e- iia. -.n tJii* Prea-r- 

M. P. aL'iStleaa C-'.At:t:g!i. "ims-..:- mi n-r:--:[7TL.r :f Zr;^ anji 

5--e-i "i-^:- ■» •» 



s TSA w-z :.':-::.' ES a:.'d bizle?.^. 

jtaiASLO* — S-jcan:: E.-.::n*tn:7 m tJie S=::43^ Ji.:t:-:-- _ 3*y'_i. . lis:. •! 5i3 

ir^l " ' I^^^^. 2 SO 

C--*.W— >J-^. :c ?a-ti- iliir.--: U=:. 2 3*> 

G£5H!ti2T— ?t^i- P:'^*^ ?^2-" Z::.«"i^-— i- : .^•~ EL ..- >Ti. ♦i »:0 
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Kent — Steam Boiler Economy ^ 8vo 

King — Si.eam Bngineering 8vo 

Kneass — Practice and Theory of the Injector 8vo 

MacCord — Slide-valves 8vo 

Meyer — Modern Locomotive Construction 4to 

Miller, Berry, and Riley — Problems in Thermodynamics. . . . 8vo, paper, 

MoYER — Steam Turbines 8vo 

Peabody — Manual of the Steam-engine Indicator 12mo 

Tables of the Properties of Steam and Other Vapors and Temperature- 
Entropy Table 8vo 

Thermodynamics of the Steam-engine and Other Heat-engines 8vo 

Thermodynamics of the Steam Turbine 8vo 

Valve-gears for Steam-engines 8vo 

and Miller — Steam-boilers Svo 

Perkins — Introduction to General Thermodynamics 12mo 

PuPiN — Thermodynamics of Reversible Cycles in Gases and Saturated 

Vapors. (Osterberg.) • 12mo 

Randall — Heat, A Manual for Technical and Industrial Students. 

Small, Svo 

Exercises in Heat (Loose Leaf Lab. Manual). Single Exercises, each. 

Reagan — Locomotives: Simple, Compound, and Electric. New Edition 

Small Svo 

Sinclair — Locomotive Engine Running and Management 12mo 

Smart — Handbook of Engineering Laboratory Practice 12mo 

Snow — Steam-boiler Practice Svo 

Spangler — Notes on Thermodynamics 12mo 

Valve-gears ■. Svo 

Greene, and Marshall — Elements of Steam-engineering Svo 

Thomas — Steam-turbines Svo 

Thurston — Manual of Steam-boilers, their Designs, Construction, and 

Operation Svo 

Manual of the Steam-engine 2 vols., Svo 

Part I. History, Structure, and Theory Svo 

Part 11. Design, Construction, and Operation Svo 

Wehrenfennig — Analysis and Softening of Boiler Feed-water. (Patter- 
son.) Svo 

Weisbach — Heat. Steam, and Steam-engines. (Du Bois.) Svo 

Whitman — Heat for Students of Household Science (In Preparation.) 

Wood — Thermodynamics, Heat Motors, and Refrigerating Machines. . .Svo, 
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MECHANICS PURE AND APPLIED. 
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BuRNHAM — Mechanics for Machinists {In Preparation.) 

Church — Mechanics of Engineering Svo, 6 00 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engfineering) . 

Svo, 
Mechanics of Fluids (Being Part IV of Mechanics of Engineering) .Svo, 

Mechanics of Internal Work Svo, 

Notes and Examples in Mechanics Svo, 

Dana — Text-book of Elementary Mechanics for Colleses and Schools.. 12mo, 
Du Bois — Elementary Principles of Mechanics: 

Vol. I. Kinematics Svo, 

Vol. II. Statics Svo, 

Mechanics of Engineering. Vol. I Small ito, 

Vol. II Small 4to, 

Fuller and Johnston — Applied Mechanics: 

Vol. I. Theory of Statics and Kinetics (Ready, Fall 1913) 

Vol. II. Strength of Materials (In Preparation.) 

Greene — Structural Mechanics Svo, 

Hartmann — Elementary Mechanics for Engineering Students 12mo, 

James — Kinematics of a Point and the Rational Mechanics of a Particle. 

Small Svo, 2 

Jameson — Elementary Practical Mechanics 12rao, *1 

Johnson — Theoretical Mechanics 12mo, *3 00 

King — Elements of the Mechanics of Materials and of Power of Trans- 
mission Svo, *2 50 
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KoTTCAMP — Exercises for the Applied Mechanics Laboratory, Loose Leaf 

Laboratory Manual Oblong 4to, paper, *f 1 

Lanza — Applied Mechanics 8vo, 7 50 

Martin — Text Book of Mechanics: 

Vol. L Statics 12mo, *1 25 

Vol. II. Kinematics and Kinetics 12mo, *1 50 

Vol. III. Mechanics of Materials 12mo, *1 50 

Vol. IV. Applied Statics 12mo, *! 50 

Maurer — Technical Mechanics 8vo, 4 00 

Merriman — Elements of Mechanics 12mo, *1 00 

Mechanics of Materials 8vo, 5 00 

MiCHiB — Elements of Analytical Mechanics Svo, *4 00 

Robinson — Principles of Mechanism Svo, *3 00 

Sanborn — Mechanics Problems Small Svo, *1 50 

ScHWAMB and Merrill — Elements of Mechanism Svo, 3 00 

Wood — Elements of Analytical Mechanics Svo, 3 00 

Principles of Elementary Mechanics 12mo, 1 25 

MEDICAL. 

Abderhalden — Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) Svo, *5 00 

von Behring — Suppression of Tuberculosis. (Bolduan.) 12mo, 1 00 

BOLDUAN — Immune Sera 12mo, *1 50 

BoRDET — Studies in Immunity. (Gay.) Svo, 6 00 

Chapin — The Sources and Modes of Infection .*. . . .Small Svo, *3 00 

CoHNHEiM — Enzymes 12mo. *1 50 

Davenport — Statistical Methods with Special Reference to Biological Varia- 
tions 16mo, mor., 1 50 

DE FuRSAC — Manual of Psychiatry. (Rosanoff and Collins.) . Small Svo, *2 50 

Effront — Enzymes and Their Applications. (Prescott.) Svo, 3 00 

Ehrlich — Studies on Immunity. (Bolduan.) Svo, 6 00 

EuLER — General Chemistry of the Enzymes. (Pope.) Svo, *3 00 

Fischer — Nephritis Small Svo, *2 50 

Oedema Svo, *2 00 

Physiology of Alimentation Small Svo, *2 00 

Fuller — Qualitative Analysis of Medicinal Preparations 12mo, *1 50 

Hammarsten — Text-book on Physiological Chemistry. (Mandel.).. , .Svo, *4 00 
Jackson — Directions for Laboratory Work in Physiological Chemistry . Svo, 1 25 

Lassar-Cohn — Praxis of Urinary Analysis. (Lorenz.) 12mo, 1 00 

Lauffer — Electrical Injuries 16mo, *0 50 

Mandel — Hand-book for the Bio-Chemical Laboratory ., 12mo. 1 50 

Martin — Measurement of Induction Shocks 12mo, *1 25 

Nelson — Analysis of Drugs and Medicines 12mo. *3 00 

Pauli — Physical Chemistry in the Service of Medicine. (Fischer.) . . . 12mo, *1 25 
Pozzi-Escot — Toxins and Venoms and their Antibodies. (Cohn.) . . . 12mo, *1 00 

Rostoski — Serum Diagnosis. (Bolduan.) 12mo, 1 00 

RuDDiMAN — Incompatibilities in Prescriptions Svo, 2 00 

Whys in Pharmacy 12mo, 1 00 

Salkowski — Physiological and Pathologfical Chemistry. (Orndorff.) . Svo, 2 50 

Satterlee — Outlines of Human Embryology 12mo. *1 25 

Smith — Lecture Notes on Chemistry for Dental Students Svo, *2 50 

Whipple — Typhoid Fever Small Svo, *3 00 

Woodhull — Military Hygiene for Officers of the Line Small Svo, *1 50 

Personal Hygiene 12mo, *1 00 

Worcester and Atkinson — Small Hospitals Establishment and Mainte- 
nance, and Suggestions for Hospital Architecture, with Plans for a 
Small Hospital 12mo, 1 25 

METALLURGY. 

Betts — Lead Refining by Electrolysis Svo, 4 ,00 

Bolland — Encyclopedia of Founding and Dictionary of Foundry Terms 

used in the Practice of Moulding 12mo, 3 00 

Iron Founder 12mo, 2 50 
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BoRCHBRS — Metallurgy. (Hall and Hayward.) 8vo,*|3 00 

Burgess and Le Chatelier — Measurement of High Temperatures. Third 

Edition 8vo, *4 00 

Douglas — Untechnical Addresses on Technical Subjects 12mo, 1 00 

GoESEL — Minerals and Metals: A Reference Book 16mo, mor., 3 00 

Iles — Lead-smelting 12mo, *2 50 

Johnson — Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite Small 8vo, 3 00 

Keep — Cast Iron Svo, 2 50 

Metcalf — Steel. A Manual for Steel-users 12mo, 2 00 

MiNET — Production of Aluminum and its Industrial Use. (Waldo.). . 12mo, 2 50 

Palmer — Foundry Practice Small Svo, *2 00 

Price and Meade — Technical Analysis of Brass 12mo, *2 00 

RoDENHAUSER and Schoenawa — Electric Furnaces in the Iron and Steel 

Industry. (VoM Baur.) Svo, ♦S 50 

Ruer — Elements of Metallography. (Mathewson.) Svo, *3 00 

Smith — Materials of Machines 12mo, 1 00 

Tate and Stone — Foundry Practice 12mo, 2 00 

Thurston — Materials of Engineering. In Three Parts Svo, 8 00 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel Svo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and Their 

Constituents Svo, 2 50 

Ulke — Modern Electrolytic Copper Refining Svo, 3 00 

West — American Foundry Practice 12mo, 2 50 

Moulders* Te.xt Book 12mo, 2 50 



MILITARY AND MARINE ENGINEERING. 



ARMY AND NAVY. 



Bbrnadou — Smokeless Powder, Nitro-cellulose, and the Theory of the Cellu 

lose Molecule 12mo 

Chase — Art of Pattern Making 12mo 

Screw Propellers and Marine Propulsion Svo 

Clokb — Enlisted Specialists' Examiner Svo 

Gunner's Examiner Svo 

Craig — Azimuth 4to 

Crehore and Squier — Polarizing Photo-chronograph Svo 

Davis — Elements of Law Svo 

Treatise on the Military Law of United States Svo 

Dudley — Military Law and the Procedure of Courts-martial. . ..Small Svo 

DuRAND — Resistance and Propulsion of Ships Svo 

Dyer — Handbook of Light Artillery 12mo 

Dyson — Screw Propellers and Estimation of Power {In Press,) 

EisSLER — Modern High Explosives Svo 

Piebeger — Text-book on Field Fortification Small Svo 

Hamilton and Bond — The Gunner's Catechism ISmo 

HoFF — Elementary Naval Tactics Svo 

Ingalls — Handbook of Problems in Direct Fire Svo 

Interior Ballistics Svo 

LiSSAK — Ordnance and Gunnery Svo 

Ludlow — Logarithmic and Trigonometric Tables Svo 

Lyons — Treatise on Electromagnetic Phenomena. Vols. I. and II., Svo, each 

Mahan — Permanent Fortifications. (Mercur) Svo, half mor. 

Manual for Courts-martial IGmo, mor. 

Mercur — Attack of Fortified Places 12mo 

Elements of the Art of War Svo 

Nixon — Adjutants' Manual 24mo 

Peabody — Computations for Marine Engine Svo 

Naval Architecture Svo 

Propellers Svo 

Phelps — Practical Marine Surveying Svo 

Putnam — Nautical Charts Svo 

Rust — Ex-meridian Altitude, Azimuth and Star- Finding Tables Svo 
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Selkirk — Catechism of Manual of Guard Duty 24mo,'*^ 50 

Sharpe — Art of Subsisting Armies in War .'18mo, mor., 1 50 

Taylor — Speed and Power of Ships. 2 vols. Text 8vo, plates oblong 4to, *7 50 
TuPES and Poole — Manual of Bayonet Exercise and Musketry Fencing. 

24mo, leather, *0 50 

Weaver — Military Explosives 8vo, *3 00 

WooDHULL — Military Hygiene for Officers of the Line Small Svo, *1 50 

MINERALOGY. 

Browning — Introduction to Rarer Elements Svo, *1 50 

Brush — Manual of Determinative Mineralogy. (Penfiei.d.) Svo, 4 00 

Butler — Pocket Hand-book of Blowpipe Analysis IGmo, *0 75 

Pocket Hand-book of Minerals 16mo, mor., 3 GO 

Chester — Catalogue of Minerals Svo, paper, 1 00 

Cloth, 1 2.'> 

Crane— Gold and Silver Svo, *5 00 

Dana — First Appendix to Dana's New " System of Mineralogy." . Large Svo, 1 00 

Manual of Mineralogy. (Ford.) 12mo, *2 00 

Minerals, and How to Study Them 12mo, 1 50 

System of Mineralogy Large Svo, half leather, 12 50 

Text-book of Mineralogy Svo, 4 00 

Douglas — Untechnical Addresses on Technical Subjects 12mo, 1 00 

Eakle — Mineral Tables Svo, 1 25 

Eckel — Building Stones and Clays Svo, *3 00 

GoESEL — Minerals and Metals: A Reference Book ICmo, mor., 3 00 

Groth — The Optical Properties of Crystals. (Jackson.) Svo, *3 50 

Introduction to Chemical Crystallography. (Marshall.) 12mo, 1 25 

Hayes — Handbook for Field Geologists IGmo, mor., *1 50 

Iddings — Igneous Rocks Svo, 5 00 

Rock Minerals Svo, 5 00 

JOHANNSEN — Determination of Rock-forming Minerals in Thin Sections, Svo, 

With Thumb Index, 5 00 

Lewis — Determinative Mineralogy Small Svo, *1 50 

McLeod — The A. B. C. of the Useful Minerals {Ready, Fall 1913) 

Martin — Laboratory Guide to Qualitative Analysis with the Blowpipe. 12mo, *0 CO 

Merrill — Non-metallic Minerals: Their Occurrence and Uses Svo, 4 00 

Stones for Building and Decoration Svo, 5 00 

Penfield — Notes on Determinative Mineralogy and Record of Mineral 

Tests Svo, paper, *0 50 

Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production 8vv\ 1 00 

PiRSSON — Rocks and Rock Minerals 12mo, *2 50 

Richards — Synopsis of Mineral Characters 12mo, mor., *1 25 

RiES — Building Stones and Clay Products Svo, *3 00 

Clays: Their Occurrence, Properties and Uses Svo, *5 CO 

and Leighton — History of the Clay-working Industry of the United 

States Svo, ^2 50 

RowE — Practical Mineralogy Simplifie.i l^mo, *1 25 

Tillman — Text-book of Important Minerals and Rocks.- Svo, *2 00 

Washington — Manual of the Chemical Analysis of Rocks Svo, 2 00 

MINING. 

Beard — Mine Gases and Explosions Small Svo, *3 00 

Brunswig — Explosives. (Munroe and Kibler.) Ready Fall, 1912 

Brunton and Davis — Modern Practice in Tunnelins {In Preparation.) 

Crane — Gold and Silver Svo, *5 00 

Index of Mining Engineering Literature, Vol. I Svo, *4 CO 

Svo, mor., *5 CO 

Vol. II Svo, *3 CO 

Svo, mor., *4 CO 

Ore Mining Methods Svo. ♦S CO 

Dana and Saunders — Rock Drilling Svo, *4 CO 

Douglas — Untechnical Addresses on Technical Subjects 12mo, $1 00 

20 



EisSLER — Modem Hi^ Explosives 8vo, 4 00 

Gilbert. Wightman and Saunders — Subways and Tonnds of New York. 

8vo, *4 00 

GoESEL — Minerals and Metals: A Reference Book lOmo. mor., 3 00 

Ihlseng — Manual of Mining 8vo. 5 00 

ILES— Lead Smelting 12mo. ^2 50 

Peele— Compressed Air Plant 8vo. ♦S 50 

RiEMER — Shaft Sinking under Difficult Conditions. ^Corning and Peele.) 

8vo. 3 00 

Weaver — Military Explosives 8vo, *Z 00 

Wilson — Cyanide Processes 12nio. 1 50 

Hydraulic and filacer Mining 12mo. 2 50 

SANITARY SCIENCE. 

Bashore — Outlines of Practical Sanitation 12mo. *1 25 

Sanitation of a Countrj* House 12mo, 1 00 

Sanitation of Recreation Camps and Parks 12mo. 1 00 

Pol well — Sewerage. (Designing, Construction, and Maintenance.).. .Svo, 3 00 

Water-supply Engineering Svo, 4 00 

Fowler — Sewage Works Analyses 12mo, 2 00 

FUERTES — Water-filtration Works 12mo, 2 50 

Gerhard — Guide to Sanitary Inspections 12mo. 1 50 

Modem Baths and Bath Houses 8\-o, ^3 00 

Sanitation of Public Buildings 12mo, 1 50 

Gerhard — The Water Supply, Sewerage, and Plumbing of Modem City 

Buildings Svo, ^4 00 

Hazen— Clean Water and How to Get It Small S\-o. 1 .50 

Filtration of Public Water-supplies Svo, 3 00 

Hooker — Chloride of Lime in Sanitation Svo, 3 00 

Kinnicutt, Winslow and Pratt — Sewage Disposal Svo. *3 00 

Leach- WiNTON — Inspection and Analysis of Food. Third Edition, Revised 

and Enlarged by Dr. Andrew L. Winton Svo, 7 50 

Mason — Examination of Water. (Chemical and Bacteriological.).. . .12mo, 1 25 
Water-supply. (Considered principally from a Sanitary Standpoint.) 

Svo, 4 00 

Merriman — Elements of Sanitary Engineering Svo, *2 (X) 

Ogden — Sewer Construction Svo, 3 00 

Sewer Design 12mo. 2 00 

and Cleveland — Practical Methods of Sewage Disposal for Res- 
idences. Hotels and Institutions Svo, *1 50 

Parsons — Disposal of Municipal Refuse Svo, 2 00 

Prescott and Winslow — Elements of Water Bacteriology, with Special 
Reference to Sanitary Water Analysis. Third Edition Rewritten. 

Small Svo, *! 75 

Price — Factory Sanitation {In Preparation.) 

Handbook on Sanitation 12mo, *1 50 

Richards — Ck>nservation by Sanitation Svo, 2 SO 

(3ost of Cleanness 12mo, 1 00 

Cost of Food. A Study in Dietaries 12mo, 1 00 

Cost of Living as Modified by Sanitary Science 12mo, 1 00 

Cost of Shelter 12mo, 1 00 

Laboratory Notes on Industrial Water Analysis Svo, *0 50 

Richards and Woodman — Air, Water, and Food from a Sanitary Stand- 
point Svo 2 00 

RiCHEY — Plumbers', Steam-fitters', and Tinners' Edition (Building Mechan 

ics' Ready Reference Series) 16mo, mcr., *1 50 

Rideal — Disinfection and the Preservation of Food Svo, 4 00 

Soper — Air and Ventilation of Subways ]2mo, 2 50 

Turneaure and Russell — Public Water-supplies Svo, $5 00 

Venable — Garbage Crematories in America Svo, 2 00 

Method and Devices for Bacterial Treatment of Sewage Svo, 3 00 

Ward and Whipple — Freshwater Biology {In Press.) 

Whipple — Microscopy of Drinking-water Svo, 3 50 

Typhoid Fever Small Svo, *3 00 

Value of Pure Water Small Svo, 1 00 
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MISCELLANEOUS. 

Burt — Railway Station Service 12mo, *2 OS 

Chapin — How to Enamel 12mo, *1 00 

Ferrel — Popular Treatise on the Winds 8vo, 4 00 

Fitzgerald — Boston Machinist 18mo, 1 00 

Fritz — Autobiography of John 8vo, *2 00 

Gannett — Statistical Abstract of the World 24mo, 75 

Green — Elementary Hebrew Grammar % 12mo, 1 25 

Haines — American Railway Management 12mo, 2 SO 

Hanal'sek — The Microscopy of Technical Products. (Winton.) 8vo, 5 00 

Jacobs — Betterment Briefs. A Collection of Published Papers on Organ- 
ized Industrial Efficiency 8vo, 3 50 

Metcalfe — Cost of Manufactures, and the Administration of Workshops. 

Svo, 5 00 

Parkiiurst — Applied Methods of Scientific Management Svo, *2 00 

PUTNA.M — Nautical Charts Svo, 2 00 

Ricketts — History of Rensselaer Polytechnic Institute, 1S24-1894. 

Small Svo, 3 00 
RoTCH and Palmer — Charts of the Atmosphere for Aeronauts and Aviators. 

Oblong 4to, ^2 00 

Rotherham — Emphasised New Testament '. . Large Svo, 2 00 

Rust — Ex-Meridian Altitude, Azimuth and Star-finding Tables Svo, 5 00 

Standage — Decoration of Wood, Glass, Metal, etc 12mo, 2 00 

Westermairr — Compendium of General Botany. (Schneider.) Svo, 2 00 

WiNSLOw — Elements of Applied Microscopy 12mo, 1 50 
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